Analysis of Some Dithiocarbamate Fungicides by Varshney, Charu
ANALYSIS OF SOME DITHIOCARBAMATE 
FUNGICIDES 
OF THE 
THESIS^ 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 
Bottor of $I)ilQ£(opI)P 
.Co 
Mrs. VARSl 
^^4^iGAg^,, 
r, 
DRrALI MOHAMMAD 
(Chairman) 
DEPARTMENT OF APPLIED CHEMISTRY 
FACULTY OF ENGINEERING & TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2008 
2iGDh)M'51 
SUMMARY 
Agriculture is the basis of India's economic development. 
Approximately 1/3 of the world's food crops are destroyed by more than 
20,000 species of insects, nematodes, rodents, weeds and plant 
pathogens during growth, harvesting and storage. Losses are even higher 
in the developing countries like India and may exceed 40% of the 
potential production. It is reported that India is losing armually Rs 
6000/- crores worth of agricultural production. Therefore, it is essential 
to control various harmful organisms for improvement of agricultural 
production. Much of the increase in global agricultural production over 
the last few decades has come about through the adoption of high input 
farming systems. Pesticides are one of the most important components 
of high-input farming. The pesticides have saved millions of lives by 
controlling human disease vectors, greatly increasing the yields of 
agricultural crops and protecting foodstuffs. On the other hand, usage of 
pesticides in agriculture has imposed many direct and indirect 
undesirable effects on the environment i.e. chemical plant protection is a 
profit induced poisoning of the environment. Among many aspects of 
pesticides usage, the following two seems to be most important: 
(i) Analysis of pesticide residues in ecosystem 
(ii) Synthesis of new pesticides 
The work presented in this thesis is related to the (a) the 
development of methods of analysis of pesticide residues and (b) 
synthesis of new pesticides. With these methods, it is possible to detect / 
estimate the pesticide residues in environment and food matrices. 
In chapter 1, different types of pesticides and their mode of 
action are summarized (Table 1). This chapter also includes the 
literature survey on analysis, synthesis and applications of 
dithiocarbamate fungicides. 
A simple and selective spectrophotometric method for the 
determination of ziram residues has been described in chapter 2. The 
method is based on the formation of a coloured complex of Cu (II) with 
dimethyldithiocarbamates. The coloured complex shows maximum 
absorbance at 430nm. Calibration curve has been made by taking 
solution of different concentrations (Fig.l). It follows Beer- Lambert's 
law in the range 5 - 40)ig ml"'. The effects of time, temperature and the 
presence of foreign substances on absorbance have also been examined. 
The reaction was found to be more sensitive at 25°C and the absorbance 
remains unaltered for 75 min. The results presented in Tables 2-4 show 
that this method is applicable for the determination of ziram in cereals, 
water and formulations. 
Chapter 3 describes the chromatographic behaviour of 
the dithiocarbamate fungicides such as ziram, zineb, NaDDC, 
propineb and mancozeb on TLC plates coated with cellulose or 
with cellulose impregnated with heavy metal salts using distilled 
water, n-Butyl acetate, isopropanol, sodium lauryl sulphate etc. as 
mobile phases. Higher Rf values (0.97) have been obtained on 
cellulose layer with aqueous mobile phase systems compared to 
the Rf values with organic mobile phase systems. The 
chromatographic behaviour of these dithiocarbamate fungicides 
has also been examined on TLC plates coated with cellulose 
impregnated with cereal flours. The mobility of all the 
dithiocarbamates on chromatoplates coated with admixture of 
cellulose and flour is similar to those obtained on chromatoplates 
coated with cellulose alone. Therefore, it seems that cereal flours 
are inert adsorbent for dithiocarbamates. Thus, present 
chromatographic study shows that dithiocarbamate fungicides can 
be washed out from cellulose and cereals by water. Some of the 
important separations achieved practically, have been summarized in 
Table 5. 
Chapter 4 deals with synthesis of Copper 
diethyldithiocarbamate, Cadmium diethyldithiocarbamate. Lead 
diethyldithiocarbamate, Nickel diethyldithiocarbamate and Zinc 
diethyldithiocarbamate. Sodium diethyldithiocarbamate (500ml of 
O.IM) on reaction with salt solution (250ml of O.IM) produce the 
corresponding metal diethyldithiocarbamates: 
/^ 
C2H 2x15 
\N-C-
C2H 205 
Na +ZnS04 
C2H: 2^5 
N - C - S 
C2H 2x15-
Zn +Na2S04 
These compounds have been characterized by using 
DTA/TGA, IR spectra, X-ray and melting point. Atomic absorption 
spectrophotometry has been used to determine metal ion concentration 
in these dithiocarbamates. Their solubility in sodium hydroxide, mineral 
acids, organic solvents, distilled water and salts solution has been 
measured. Fungicidal activity of the dithiocarbamates has been tested by 
well or cup diffusion method using five fungi species. The data listed in 
Table 6 show the effect of dithiocarbamates under study on the spore 
germination of fungi Bipolaris sorakinina. The results are quite 
satisfactory since standard deviation in the data is not more than 10 but 
out of these, nickel diethyldithiocarbamate seems to be promising. The 
results summerized in Table 7 indicate that all the dithiocarbamates 
show the good bactericidal activities. 
Chapter 5 deals with synthesis of a series of mononuclear 
3d-transition metal complexes of the type M(acpdtc)2, (where acpdtc = 
1-acetylpiperazinyldithiocarbamate, M = Mn(II), Fe(II), Co(II), Ni(II) 
and Cu(II)) using following schemes: 
H, 
o 
/ 
C — N" + CS2 + KDH 
•H2O y*-
O 
' N — C 
SK 
H. 
Fig. 2: Synthesis of the ligand K(acpdtc) 
H. 
O 
/ 
^ N C + 2MCl2.nH20 
C N ^ 
2KC! 
'N C 
/ 
O 
H 
O 
/ 
C N' 
Fig. 3: Synthesis of the complexes, M(acpdtc)2 where M = Mn(II), 
Fe(II), Co(II), Ni(II) and Cu(II). 
The ligand and its complexes have been characterized by micro 
analysis (CHNS), TG/DSC, FTIR, UV-Vis, 'HNMR, magnetic 
susceptibility and conductance measurements. On the basis of IR 
spectroscopy, a symmetrical bidentate coordination has been observed 
for the 1-acetylpiperazinyldithiocarbamate moiety in all the complexes. 
On the basis of UV-Visible spectra and magnetic susceptibility 
measurement, a square-planar geometry has been proposed for the Ni(II) 
and Cu(II) complexes whilst the other complexes have been found to 
acquire a distorted-tetrahedtal structure. The thermogravimetric and 
differential scanning calorimetric profile of the ligand indicates a two-
step decomposition pattern while the complexes exhibit a three-stage 
thermogram forming metal sulfide as the eventual end product. The 
molar conductivity data of 1 millimolar solution in DMSO of the 
complexes is indicative of their non-electrolytic behaviour. The ligand 
and its 3d-transition metal complexes have also been tested for their 
antifungicidal activity by agar well diffusion method using Fusarium sp. 
and Sclerotina sp. The results obtained are given in Table 8 from where 
it is clear that Mn(II) and Fe(II) complexes show maximum fungicidal 
activity. 
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Fig. 1 : Calibration curve of ziram 
Table2: Recovery of ziram from tap water 
Fortification level 
^igml"^ 
5 
10 
12 
14 
16 
18 
20 
Amount recovered 
ixgml'^  
4.0 
9.5 
11.0 
13.0 
15.0 
16.0 
17.0 
Recovery 
% 
80 
95 
92 
93 
93 
89 
85 
10 
Table 3: Recovery of ziram from grains 
Samples—* 
Fortification 
level 
^gml ' 
5 
10 
12 
14 
16 
18 
20 
Wheat 
Amount 
recovered 
Hgml"' 
5.0 
7.0 
8.0 
8.5 
10.0 
11.5 
15.5 
Recovery 
% 
100 
70 
67 
61 
63 
64 
78 
Pulse 
Amount 
recovered 
jigml"' 
4.0 
5.0 
7.0 
8.0 
9.5 
10.5 
13.0 
Recovery 
% 
80 
50 
58 
57 
60 
58 
65 
Groundnut 
Amount 
recovered 
Hgml"' 
2.0 
2.5 
3.0 
3.5 
4.0 
5.0 
6.5 
Recovery 
% 
40 
25 
25 
25 
25 
28 
31 
Table 4: Determination of ziram residues in formulation 
Amount taken 
figml"' 
5 
10 
15 
20 
25 
30 
35 
40 
Amount found 
M-gml"' 
5.0 
10.0 
13.0 
19.0 
22.0 
28.5 
34.5 
39.5 
Error 
% 
0.0 
0.0 
-13.3 
-5.0 
-12.0 
-5.0 
-1.4 
-1.25 
11 
Table 5: List of experimentally achieved separation 
Stationary phase 
Cellulose 
Cellulose+CuS04.H20 
Cellulose+NiCl2.6H20 
Cellulose+CdCNOa) 2.4H2O 
Mobile phase 
Distilled water 
Tap water 
n-Butyl acetate 
n-Butyl acetate 
n-Butyl acetate 
Seperation (Rf value) 
Zb (0.87)-Ma (0.00) 
Zb (0.89)-Pr (0.00) 
Nd (0.78)-Zb (0.97) 
Zm (0.85)-Pr (0.96) 
Nd (7.10-9.20 cm)-Zb (0.00) 
Nd (6.90-9.50 cm)-Ma (0.00) 
Nd (4.80-9.60 cm)-Pr (0.00) 
Nd (7.40-9.20 cm)-Zm (0.00) 
Zm (6.80-9.80 cm)-Zb (0.00) 
Zm (6.90-9.80 cm)-Ma (0.00) 
Zm(6.80-9.80 cm)-Pr(O.OO) 
Zm (0.98)-Zb (0.00) 
Zm (0.98)-Pr (0.00) 
Zm (0.98)-Ma (0.00) 
Zm (0.50)-Zb(0.00) 
Zm(0.50)-Pr(0.00) 
Zm (0.50)-Ma(0.00) 
Zb- Zineb, Zm- Ziram, Nd- NaDDC, Pr- Propineb, Ma- Mancozeb 
12 
Table 6: Effect of dithiocarbamates fungicides on the spore 
germination of Bipolaris sorokinina 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide 1 
Slide 2 
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Slide 4 
Slide 5 
Rl 
58.8 
71.4 
90.0 
81.3 
76.7 
79.4 
72.7 
68.9 
66.7 
68.8 
R2 Mean 
Copper diethyldithiocarbamate 
80.0 
67.9 
76.2 
72.4 
87.5 
69.4 
69.6 
83.1 
76.8 
82.1 
76.2 
Lead diethyldithiocarbamate 
62.5 
75.0 
75.9 
82.4 
61.1 
70.9 
73.8 
72.4 
74.5 
64.9 
71.3 
SD 
. 
6.6 
3.8 
Cadmium diethyldithiocarbamate 
84.6 
77.8 
56.7 
51.7 
76.5 
69.6 
66.7 
46.7 
45.9 
55.6 
64.5 
80.0 
66.7 
78.9 
77.2 
85.4 
76.9 
78.6 
72.7 
67.6 
Nickel diethyld 
65.6 
52.9 
67.7 
38.5 
71.8 
Zinc diethyldit 
73.3 
81.8 
74.4 
75.0 
71.4 
84.9 
77.4 
67.6 
62.2 
72.0 
72.8 
thiocarbamate 
67.6 
59.8 
57.2 
42.2 
63.7 
58.1 
hiocarbamate 
68.9 
80.9 
70.5 
76.9 
74.4 
74.3 
8.8 
9.7 
4.9 
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QeneraC Introdhiction 
I. PESTICIDES 
The term pesticide is derived from Latin word cida means 
1 10 
"to kill". It is defined as any substance, preparation or organism used to 
protect plants, wood or plants products from harmful organisms; to regulate 
the growth of plants; to give protection against the harmful creatures or to 
render such creatures harmless. Thus the term pesticide embraces large 
group of class which includes avicides, chemosterilants, defolints, 
fungicides, growth regulators, herbicides, insecticides, nematicides, 
piscicides, repellants, rodenticides, surface biocides and wood 
preservatives etc. 
The pesticides have saved millions of lives by controlling human 
disease vectors, greatly increasing the yields of agricultural crops and 
protecting foodstuffs. In India agriculture is still the main source of 
livelihood and the pesticides are among the most useful tools available to 
. man in order to get the crops properly grown and fi-uitfully harvested. 
Therefore, successful large - scale agriculture requires that the vegetation 
should be free from disease and the land reserved for commercial crop 
should be free from unwanted grov^h. Thus pesticides are important 
component of high- input farming and given a share of credit for the green 
revolution. On the other hand, usage of pesticides in agriculture has 
imposed many direct and indirect undesirable effects on the environment 
i.e. chemical plant protection is a profit induced poisoning of the 
environment. Hence, there is a strong tendency in our present civilization 
to resort to the use of pesticides. Indiscriminate use of pesticides like DDT, 
dieldrin and aldrin is of great concern because these chemicals are passed 
on from one organism to another through all the links of food chain and can 
ultimately be accumulated in the fat of human body. 
Pesticides have high stability, low vapour pressure and very low 
solubility in water, but have substantial solubility in oils and fats. For 
example, the concentration of DDT in fresh water is about 0.00001 ppm. It 
tends to become more concentrated from a tropical level to another due to 
the process of biological magnification. As a result of biological 
magnification fish and predatory birds are very susceptible to chlorinated 
hydrocarbons like DDT, dieldrin and aldrin. Dieldrin has been found to 
affect the calcium metabolism in predatory birds and this has resulted in 
reproductive failure. Thus there is a genuine need of pesticide residue 
analysis in our ecosystem. Several instrumental'^''^ and non instrumental^ * '^ 
'^* methods have been used for the detection, separation and determination 
of pesticides in different environmental mafrices. 
II. CLASSIFICATION OF PESTICIDES 
The pesticides have been classified as follows: 
A. Chemical pesticides 
B. Biopesticides 
A. Chemical Pesticides: Chemical pesticides have been classified into three 
categories: 
a. Inorganic Pesticides: About A.D. 70 Pliny the Elder recommended that 
arsenic could be used to kill insects, and the Chinese used arsenic sulphide 
as an insecticide as early as the late sixteenth century. Other inorganic 
products used as pesticides contain antimony, boron, copper, fluorine, lead, 
manganese, mercury, selenium, sulphur, thallium, tin and zinc as their 
active ingredients. Although these products are not very effective for 
pesticidal use, many are so persistent in the soil that there are instances as 
of crops being damaged by their residues in the soil, 
b. Organic Pesticides: The era of organic pesticides began from 1940. These 
chemicals are so successful in controlling the pests that there is extremely 
rapid and general adoption of them and development of new ones. This has 
progressed so rapidly, that today about 1500 pesticides in the form of 
10,000 formulations are in common use around the world. The organic 
pesticides have been classified into several classes (Table 1.1) as follows: 
i. Organochlorines: These include DDT, BHC, endosulfan, aldrin, 
heptachlor, chlordane etc. They are not biodegradable and are persistent in 
the environment for a long period. They are readily soluble in lipids and 
even a low concentration of these pesticides may accumulate in the body 
fat of mammals that might pose problems in the long run. Recommended 
dose of chlorinated pesticides ranged from 8-10kg per hectare. 
Organochlorine pesticides persist in the soil for many years and even 
decades, 
ii. Organophosphates: These include diazinon, dimecron, dimethoate, 
malathion, parathion etc. More potent and comparatively less persistent 
organophosphates have an advantage of having a non-lipophilic nature, 
moderate persistence, systemic nature and more potency than chlorinated 
pesticides. They are sparingly soluble in water and biological fluids. They 
are highly toxic since they inhibit the activity of enzymes. The 
recommended dose of organophosphates ranged from 4-5kg per hectare. 
iii. Carbamates: These include carbaryl, carbofliran, baygon, dinocap etc. 
They are relatively soluble in water. They have reversible mode of action, 
less persistence, systemic nature and adequate potency against crop pests. 
Normally they do not accumulate in tissues and are rapidly excreted when 
ingested. Thus these were considered to be less toxic than 
organophosphates. 
iv. Carboxylic acid derivatives: These include TCA, dalapon, 2,4-D, 
2,4,5-T, MCPA etc. They are considered as a potent source of 
environmental hazards, especially when their degradation products remain 
active in the environment after desired purpose is over. They are used as 
herbicides both on agricultural lands and in eradicating weeds in non-
productive areas such as roadsides and electric transmission lines. 
V. Substituted ureas: The substituted ureas such as monuron and diuron form 
another class of biocides. These are primarily herbicides. Their solubility in 
water is generally low. They do not create problems of persistence and 
accumulation due to their facile environmental reactions. These are 
moderately unstable. These fairly readily undergo dealkylation and 
dearylation. Therefore, they are of local concern only in the area and period 
of application. 
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vi. Triazines: The triazines such as atrazine and simazine are used in large 
quantities as a pre-emergent herbicide in com fields. Biologically, 
dealkylation and substitution are the major routes of metabolic 
breakdown. In soils, dealkylation appears to be the major route. There is 
a considerable persistence of the resulting products. 
vii. Pyrethroids: This group includes cypermethrin, deltamethrin and 
fenvalerate which are commonly used in Indian agriculture. They are 
very stable in sunlight. These are effective against agricultural pests 
when used at low rate of 0.1 lb per acre. The recommended dose of 
pyrethroids ranged from 25-500 g active ingredient per hectare, 
viii. Neem products/Neem based formulations: The versatile neem tree is 
a wonder. The limonoids present in it and its products have made it a 
harmless and useful insecticide, bactericide, fungicide, pesticide etc. It is 
likely to provide a solution to many of our incurable diseases. Neem 
crudes such as its kernel crush and oil which are the potential source of 
bio-actives were formulated as ready to use dust and water dispersible 
powder and emulsifiable concentrate respectively 
ix. Others: These include thiocyanates, dinitrophenols, formamides etc. 
Thiocyanates have creosote like odours, are relatively safe to use around 
humans and animals, and give astonishing quick knockdown of flying 
insects. They interfere with cellular respiration and metabolism. The 
nitrophenols have been used as ovicides, insecticides, acaricides, 
herbicides, fungicides and blossom thirming agents. They are quite toxic 
and their use resulted in several widely publicized deaths. The 
formamides comprise a very new, small, but promising group of 
insecticides. They are used in the control of organophosphates and 
carbamate resistant pests, 
c. Organic Pesticides Containing Metal Ions: It is a relatively less 
familiar class of pesticides. The activity of these pesticides depends on 
the chelating action of the metal ion as well as the activity of the organic 
matrix. Some of the organic pesticides containing metal ions (OPCM) 
are given in Table 1.2. 
B. Biopesticides: Biological control of pests or biopesticides has been 
suggested as an effective substitute for chemicals. It is the control of 
harmful pests by using other pests, plants or any such living body. The 
controlling agents include parasites, predators, diseases, protozoa and 
nematodes that attack pests. Biopesticides are derived from natural 
materials such as animals, plants, bacteria and certain minerals. For 
example Canola oil and baking soda have pesticidal applications and are 
considered biopesticides. 
III. DITHIOCARBAMATE PESTICIDES 
Amongst OPCM mentioned above, the heavy metal complexes 
of dithiocarbamate are well known flingicides. Tisdale first 
demonstrated the fungicidal possibilities of the dithiocarbamate (thiram) 
in 1931 in the laboratory of E.I. Du Pont Company, U.S.A. but the 
commercial production started about a decade later. 
It is employed in every use, i.e. contact, protective, eradicative 
known for fungicides except systemic action. It is widely used on 
vegetables like lettuce, peanuts, potatoes, tomatoes and brinjals; fruits 
like apples, figs, grapes, peaches and pears; crops like cotton, maize, 
paddy and wheat; ornamentals like chrysanthemums, black currants, 
carnations etc. to control diseases like early and late blight, gall, mildew, 
leaf spot, rust, scab, smut etc. It is used in seed and soil treatment. It is 
also known to use as topical ointment to cure dermatophytoses. 
Table 1.2: Chemical structure and modt of action of some organic pestictdej 
containing meta) Ions 
Pesticides Properties 
At loxvdini'Sod ium 
ON';i K'-O-CH-CH-CK, 
cc 
0"^C-OCH, 
a) Colourless ciysiais 
b) 2250 • 2560. > \^<!> 
c) Selecuve. sv-stemic herbicide 
2- Aluminiun") phosethy! 
O 
At 
a) Colourlesscnstais, 
b) 5SO().>3200 
c) S>steni(C funuicidc 
3. AzocvrJoUn 
a) Colourless crj'sials 
b) 99. > ]000 
c) Contact acadcide 
4, Calcium cyanamide 
C» »«• K ~ <;^  as N a) Grey powder 
b) 765. -
e) Herbicide, fungicide and 
defolisrit 
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Tabic {.2 contd-
5, DJfcegiiiac~so4iu»J 
COO>J« 
H,C CH, 
6. Disodhimmethaacai^otiate 
O 
OI - AS 
Fenaruinosulf 
{CH,)>J-/ V - H »N-SO,Sa 
a) Coiotirfsss 
b) 31000 , > 2000 
c) Systsawc plant growtlv tegulatot 
a) ColcHxrtc&s crystals 
b) 1000. ~ 
c) Selective post-emergence 
herbicide 
a) Yeilow bro\vti a^'StaUtRe powder 
b) 60, 100 
c) Seed and soil Tungtcide 
S, Fcntinacetatc 
AcOSn - / \ 
a) CoJouiless crystals 
b> } 25-J 60, 450 
c) Non s>>stcmse Jeaf-fongicids, 
algjdde «.nd tnollusddde 
9. Ferbam 
H,C 
}i~c~s- Fc 
a) Black powder 
b) 4000-17000. -
c) ProtocHTve leaf - fiingscJde 
11 
Table 1.2 contd 
10. Maticozeb 
at-M-c-s-
M S 
Mn, Zxi 
X 
11. Mancb 
H S 
H S 
Mn 
a) Greyish - yeiiow powder 
b) 5000, > 10000 
c) Protecuve leaf- timgicide 
a) Yellow an%orphous jx)wd< r^ 
b) 7500, > 5000 
c) Protective leaf-iungicide 
12. 2-Metboxyelby1merciiry chloxide 
CH,0 - a%- CHj-Hg- CI 
13. MetJiara ~ sc^ditmi 
H S 
a) Colourless crystals 
b) 570, -
c) Systemic fungicide 
a) Ccfouriess crystals 
b) 820, 97 
c) Nematicide. liingicide, 
insectJcide and herbicide 
14. Methyl - metiram 
A ' " / t li 
a) Pale yellow povy'der 
b) l.$40, -
c) Protective leaf- fuitj«cide 
(^>^ ajttd aoaricide 
12 
T b^lc 1.2 coiUd-
15. Mctiram 
/ , 
H 
: - s - \H,C~TSI-^^}--c-s-
I E / I I 
A ^ s \ « 
«) Yellow powder 
b) 10000,>2000 
c) Protective leaf-fun^cide 
{x>)) 
16. Nabam 
H s 
HjC-N-C-S-Na 
H,C-K-C-S-ni 
H S 
n . Maptaiam 
a) Coloutkss cr '^stals 
b) 395, . 
c) Protective fungicide and 
algtctdc 
a) White cr>'sta{s 
b) 1900,-
c) Selective pre-emcrgencc 
herbicide 
18, Phenylmcrcury acetate 
(y«,-o-
19, PotJtesiuTt) cyanate 
K:-N«C«O 
COCH. 
a) PaJe yellow powder 
b) 50-300, . 
c) Eradicative fungidde 
a) CoJourJesscrysta/s 
b) 84 K-
c) Herbicide 
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T»fciel.2coutd 
20, Propineb 
H H S 
i 8 
H S 
2n 
•Jx 
a) Pale yellow powder 
b) 8S00,>1000 
c) Protective leaf-ftiii^dde 
KC-N-e-S~ 
RC-N-C-S~ i t 
H S 
Zn 
a) Light coloured powder 
b) >5200, > 10000 
c) Protective leaf-fungidde 
22. Ziram 
Zti 
-"i 
a) White powder 
b) i400,> 20000 
c) Protective leal'- fuii^cide 
ind repeUaiit 
a) Physical appearaj^ ce 
b) Acute oral LD j^Ctats) and aciite detmaJ LD^ (rats) jn rog/kg 
c) Mode of action 
14 
A. General Chemistry and Classification: The fundamental building 
block of dithiocarbamate fungicides is dithiocarbamic acid. However, 
the dithiocarbamic acid itself is not known to exist in the free state since 
they quickly decompose to simple molecules i.e. carbon disulphide and 
ammonia. 
HS — C •NH2 •> CS2 + NHi 
When the substituted primary or secondary aliphatic or 
aromatic amines are treated with carbon disulphide in alkaline solutions, 
substituted dithiocarbamic acids are produced. Ri and R represent aryl 
or 
S f^l 
R2 
/ 
NH CSc^  \ , x NCSH 
^2" 
/ 
alkyl organic radicals or in the case of primary amine, one of them may 
happen to be hydrogen. The hydrogen attached to sulphur dissociates 
and may be replaced by a metal having atomic no.>20, thus producing a 
stable dithiocarbamates. 
8 
Ri II 
;NCSH 
K2 
IVIetal ssit 
^ ^K 
R( 
Of 
, / >NOS 
M'^ '-
X 
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As shown in Table 1.3, dithiocarbamates can be divided into 
two main groups: Group I and Group II. The most noteworthy difference 
between them being that the members of Group I do not have a H -atom 
attached to carbamate-N while members of Group II have a H-atom 
attached to the carbamate- N. 
The fungicides of Group I have been further divided into two 
subgroups: 
a. Metal salts or metal complexes of dialkyldithiocarbamic acid e.g. 
ferbam, ziram (9, 22: Table 1.2) 
b. Oxidation product of derivatives of dimethyldithiocabamic acid e.g. 
thiram. 
Diethyl analogues of this subgroup are medically used to treat 
alcoholics. 
The fungicides in Group II are ethylene derivatives. Among 
them, few are salts like metham-sodium, nabam (13, 16: Table 1.2) 
while other are metal complexes like mancozeb, maneb, zineb (10, 11, 
21: Table 1.2) 
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Table 1.3: Classification of dithiocarbamates 
Group Chemical designation Types of derivatives 
Dialkyldithiocarbamate 
II Ethylenebisdithiocarbamate 
Metal Derivatives 
Na salt (no common name) 
Zn complex (ziram) 
Fe complex (ferbam) 
Oxidation Product 
S - S linkage (thiram) 
Metal Derivatives 
Na salt (nabam) 
Zn complex (zineb) 
Mn complex (maneb) 
Mixed complex (mancozeb) 
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Mostly all forms of dithiocarbamates are biologically 
interconvertible as sulphide forms which can be reduced to thiol or 
sulphur, thus dissociating the metal complexes. The dithiocarbamate 
fiingicides are less persistent (relative to organochlorine pesticides); 
however, there are evidences that they are persistent enough to have an 
effect on the aquatic environment. These fungicides tend to be 
somewhat unstable to heat, light and moisture. Solubility of these 
fungicides is very low in water and most organic solvents. 
B. Mode of Action: Despite the chemical similarities, there are evidences 
that dialkyldithiocarbamates and ethylenebisdithiocarbamates do not act 
in the same way. This different is often attributed to reactivity associated 
with the N-H bond present in Group II complexes. The 
dialkyldithiocarbamates (Group I) interfere with energy production i.e. 
reduction in the production of ATP for instance; inhibition of 
respiration. They also interfere with biosynthesis i.e. the disruption of 
processes forming new cellular materials needed for the growth and 
maintenance of the fungus while ethylenebisdithiocarbamates interfere 
with the biosynthesis process. Various theories have been proposed to 
explain, the mode of action of dithiocarbamate fungicides but none of 
them explain the mechanism of fungicidal action satisfactorily. The 
chelation theory is one of the generally accepted theories. 
a. Dialkyldithiocarbamates: The dialkyldithiocarbamates probably owe 
their fiingi toxicity to their ability to chelate with certain metal ions, thus 
depriving the cell of the needed metal ion. Recent information however 
indicates that a heavy metal ion is required for the high toxicity of these 
fungicides. Studies with the fungus Aspergillus niger have demonstrated 
that in the presence of Cu ions, an increase in the concentration of 
sodium dimethyldithiocarbamate inhibits the growth at two levels: 
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When copper to dithiocarbamate ratio is reasonably high (approximately 
20:1) the formation of unsaturated, positively charged 
copper:dithiocarbamate complex (1:1) takes place. These complexes 
penetrate lipid barriers in the fungal cell and may be the ultimate 
toxicant or alternatively it may be converted into free 
dimethyldithiocarbamate ions, which kill the fungus by readily 
complexing with vital trace metals. For example it interferes in the 
uptake of oxygen in yeast cells and it has also been shown that pyruvate 
accumulates in Aspergillus niger after treatment with sodium 
dimethyldithiocarbamate, thus fungicidal activity arises from 
interference with respiration by inactivation of the pyruvate 
dehydrogenase system. 
N 
HsC^ 
The charged resonating 1:1 complex between Cu ion and dimethyl-
dithiocarbamate 
ii. When the concentration of dithiocarbamate is further increased 
the fungicidal activity decreases due to the formation of saturated, 
uncharged copper:dithiocarbamate complex (1:2). This inhibition level 
requires high concentration of dimethyldithiocarbamate. When all the 
internal heavy metals have been converted to dithiocarbamate complex 
(1:2), excess dithiocarbamate accumulates and is apparently toxic in its 
own right, perhaps by inactivating sulphydryl enzymes 
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N C ^^ ^ ^ Cu^ C N 
H3C^ S / " ' - ^ S ^ / ' " \ U M 3 
The uncharged 1: 2 complex between Cu ions and dimethyl-
dithiocarbamate 
Ethylenebisdithiocarbamate: The presence of hydrogen at the nitrogen 
in a dithiocarbamate structure considerably reduces the chemical 
stability of the ethylenebisdithiocarbamates. The mode of action of this 
complex probably involves their oxidation on the leaf surface to such 
products as ethylene thiuram disulphide, ethylene thiuram 
monosulphide, isothiocyanate (fungi toxic derivatives) by splitting off 
H2S or HS-ions (Figure]. 1). 
H S 
R - N - C - S H -« H2S + R - N u C ^ S 
H S 
R - N - C - S ^ HS + R - N = C = S 
Especially in the presence of heavy metal ions these equilibria are 
forced to the right because of the formation of insoluble metal sulphides. 
20 
H S 
I II 
CHz— N — C—S— H 
I 
CHz— N -C—S—H 
I II 
H S 
Ethylenebisdithiocarbamate 
fas free acid^ 
-H2S 
f 
CH2— N — a / t 
I .'^ S 
CH2—N — C ^ 
I II 
H S 
Ethylene thiuram monosulphide 
Oxidation 
H S 
I II 
CHr - N —C—S 
I I 
CH2— N - C — S 
I II 
H S 
Ethylene thiuram disulphide 
Ring opening 
CH2— N = C = S 
I 
CH2—N—C—SH 
I II 
H S 
-H2S 
CH2— N = C = S 
I 
C H 2 — N = C = S 
Ethylene diisothiocynate 
+ HS - Enzyme 
H S 
I II 
CH2— N — C—S—Enzyme 
I 
C H 2 — N = C = S 
Fig.1.1: Possible fungi toxic derivatives of ethylenebisdithiocarbamates 
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These fungi toxic derivatives are known to be fungicidal by 
virtue of their abihty to react with vital thiol compounds within the 
fungal cells and it has been demonstrated that the inhibitory action of 
nabam on fungal spore germination is strongly antagonized by the 
addition of thiols. 
C. Biochemical Action: The recently reported papers in this area are 
summarized in the following paragraphs: 
Das et al. have evaluated the fungicidal action against Colletotrichum 
gloeosporioides inciting blossom blight of mango. Out of the eight 
competitive ftingicides evaluated in vitro condition against the casual 
organism of mango blossom blight indicated that ridomil MZ-72 
(metalaxyl+ mancozeb) completely inhibits the linear mycelia growth at 
250|ig/ml. Mancozeb, copper oxychloride and thiram behaved as 
moderately effective even 500 |ig/ml. 
Naidu and Rao have studied the relative efficacy of a number of sprays 
of fungicides on the control of late leaf spot in groundnut. The spray 
schedule consisting of two sprays(T2) and three sprays (T3) of mancozeb 
0.25% + carbendazim 0.1%, were significantly superior over control in 
reducing the late leaf spot severity and increasing pod and haulm yields. 
The spray schedule in T3 was found to be the best with the lowest 
disease severity and highest pod and haulm yields. The maximum pod 
and haulm yields incremental benefit cost ratio was obtained and it is 
suggested that treatment of late leaf spot of groundnut can economically 
be controlled by T3 spray at 15 days interval. Thus it is suitable 
treatment for recommendation to farmers. 
Lia^^ has invented ELISA methods for the measurement of NO 
levels in mammalian body fluids ufilizing monoclonal antibodies 
directed against dithiocarbamates and related iron complexes. It has 
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been found that conjugation of dithiocarbamates to a macromolecules 
produces immunogenic dithiocarbamate-macromolecule derivatives. 
These derivatives can be used for the production (e.g. in rodents) of 
monoclonal antibodies directed against different forms of 
dithiocarbamate (e.g. free dithiocarbamate, as well as complexes). In 
contrast, non- derivatizes dithiocarbamates alone are not immunogenic. 
The simple, easy and non-invasive ELISA method will find a variety of 
uses e.g. for diagnosis and monitoring of NO overproduction that has 
been associated with many inflammatory and infectious diseases. 
Vaccari et al. have studied the effect of dithiocarbamate pesticides on 
glutamate transport in brain synaptic vesicle of rat. Kuroki et al. have 
studied the degeneration of hair follicle epithelia in the dorsal skin of 
Wistar derived inbred hypotrichotic rats (WBN/ILA- Ht) induced by 
maneb. The dorsal skin was topically treated with 0.5% and 30% 
solution of maneb for 7 consecutive days and was examined 
histopathologically in WBN/ILA- Ht.At days one after cessation of the 
treatments, except for the slight inflammatory cell infiltration around 
hair follicles, no promonent histopathological changes were found. Two 
weeks after cessation of the treatment. Prominent degeneration of 
epithelial cells characterized by karyorrhexis was found in the epithelial 
root sheath of hair follicles and the nuclei of such epithelial cells were 
strongly stained by the TUNEL method. Thus maneb caused delayed 
type lesions in the epithelial root sheath of the hair follicles due to 
apoptosis. 
D. Applications: 
Besides the usage of dithiocarbamate as fimgicides the following uses 
have also been reported in the literature: 
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a. Additive in Lubricating Oil: Tanaka et al.^ °'^ * have reported a process 
for producing molybdenum oxysulphide dithiocarbamates as lubricant 
additives. These dithiocarbamates have been found to be good 
antifriction and anticorrosive agents in lubricating oil. Grobelny et al. 
have carried nanometric studies of adsorbed layer of zinc di-N-
octyldithiocarbamates and di-octylamines used as lubricant 
additives.Matsuyama et al.^ ^ have reported that sulphides, 
dithiophosphates and dithiocarbamates improve oxidation stability of 
the lubricating oils. 
b. Sulphur Vulcanization: Niewenhuizen et al.^ "* have pubHshed a review 
with 262 references describing research methodologies useful in 
investigating the mechanism of vulcanization and the reactivity of 
thiuram and dithiocarbamate chemicals. The combined knowledge has 
been subsequently applied to thoroughly review the mechanism and the 
chemistry of both thiuram and dithiocarbamate accelerating sulphur 
vulcanization. 
c. Graft Copolymerization: Kim and Cho have synthesized graft 
copolymers by iniferter-containing macromer. A monomer such as 
styrene, methylmethacrylate, ethylacrylate or butylacrylate were 
copolymerised with chloromethylstyrene by 2,2'-azobisisobutronitrile 
(AIBN) initiation and the chloride group in the polymer was treated with 
sodium diethyldithiocarbamate to give dithiocarbamate groups. NMR 
analysis showed that conversion to dithiocarbamate groups was 
quantitative for acrylate copolymer as well as styrene copolymer. Graft 
copolymerization of the macromer such as polystyrene macromer and 
poly methyl methacrylate (PMMA) macromer yielded graft copolymers. 
d. Chelating Agents: Tandon et al.^ ^ have studied N-benzyl-D-
glucaminedithiocarbamate and its analog, N-(4-methoxybenzyl-D-
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glucaminedithiocarbamate) which are effective chelators of cadmium 
for their efficacy to induce excretion of lead and to reduce tissue burden 
of lead in pre-exposed rats. These dithiocarbamates have been found to 
be effective in reducing hepatic and renal lead levels but not of brain 
lead levels. 
Todorovic et al.^'' have developed pre-concentration method for 
the determination of trace metals in natural waters using 4-morpholine 
dithiocarbamate as a chelating agent. 
Cesur and Bati have described a method for the pre-
concentration of cadmium in water samples by using 1-
benzylpiperazinedithiocarbamate (1-BPzDC) as a new reagent, prior to 
its determination by flame atomic absorption spectrometry (FAAS). 
This method is based on the fact that cadmium forms 
cadmium 1-benzylpiperazinedithiocarbamate complex [Cd(l-BPzDC)2] 
in aqueous phase which is extracted with microcrystalline naphthalene 
on solid phase, then back-extracted with potassium cyanide solution into 
aqueous phase and measured by FAAS. The optimum experimental 
parameters for the extraction and back-extraction of cadmium are also 
investigated. The obtained recovery is nearly 97% and the enrichment 
factor is 500 for spiked cadmium samples. The detection limit (0.034 
|xg/ml) and the determination limit (0.114 jxg/ml) of the proposed 
method are evaluated. 
Wang et al.^ ^ have developed a procedure for simultaneous 
extraction of Cr(III) and Cr(VI) by ammonium 
pyrrolidinedithiocarbamate (APDC). X-ray diffraction and spectroscopic 
studies indicate that Cr^ ^ reacts with the ammonium 
pyrrolidinedithiocarbamate ligand to form two products, 
Cr(PDC)2(OPDC) and Cr(PDC)3. A high concentration of APDC in the 
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phthalate buffer under an elevated temperature (50°C) is applied in 
solvent extraction (SE) to increase the extraction efficiency of Cr*^ so 
that Cr"^ ^ and Cr^ ^ are extracted by APDC simultaneously. The complex 
involving the oxygen insertion bonding Cr-O-S is separable from the 
normal Cr(PDC)3 complex chromatographically, thus allowing the 
quantification of Cr"^ .^ The major product of Cr^ ^ has a structure of 
Cr(PDC)2(0PDC) and the minor product is Cr(PDC)3 with a ratio of 
Cr(PDC)2 (OPDC)/Cr(PDC)3 being 8.5. 
Rathore et al.'*^  have developed a new precipitation 
9-4- 9 + 
conductometic titration technique for the determination of Zn , Pb , 
Hg^^ Hg^ Cd^^ Co^^ Cu^^ Ni^^ Fe^^ and Fe^ "" using sodium 
diethyldithiocarbamate as a titrant. 
e. Chromogenic Reagent: A spectrophotometric method has been 
reported for the determination of copper (II) using sodium 
diethyldithiocarbamate as a colouring reagent. The method is based on 
the formation of a brown suspension of the copper (II) 
diethyldithiocarbamate which can be extracted with butyl acetate and 
the coloured extract can be analyzed spectrophotometrically at 560 nm. 
This method is sensitive to 100 |ig of copper (II). 
f Flotation of Non-ferrous Metals: O'Connor et al'*^  have used 
dithiophosphates and dithiocarbamates for the flotation of arsenopyrite. 
This can be optimized using a two stage flotation process in which a 
dithiophosphate is added at pH=l 1 in the first stage and copper sulphate 
and a dithiocarbamate in the second stage. Various alkyl fiinctional 
groups of the collectors were tested and the best separations were 
obtained using sodium isobutyl dithiophosphate and a mixture of 10% : 
90% sodium cyclohexyl : n-propyl dithiocarbamate. This suite of 
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collectors led to a recovery of 74.8% arsenopyrite and 8.4% pyrite with 
grades of 37.9% arsenopyrite and 11.6% pyrite respectively. 
Glinkin'*^has published a review with eight references 
describing the flotation of non-ferrous sulphide minerals with 
dithiocarbamate reagents. It outlines the use of sodium 
dimethyldithiocarbamate as a depressor for sphalerite, iron sulphide and 
S-cyanethyl-N,N/-diethyldithiocarbamate as a collector for copper and 
molybdenum sulphides. Data pertaining to industrial application of these 
reagents has been reported. 
g. Ion - Exchanger: 
i. Analysis of heavy metal ions: Airoldi et al.'*'' in 1994 have prepared 
immobilized dithiocarbamate by reacting a 3 - propylethylenediamine 
group, covalently bonded to silica gel, with carbon disulphide in 
toluene. The attached dithiocarbamate possesses cation-exchange 
properties in which sodium ion can be exchanged with cobalt, nickel, 
copper and zinc from ethanolic solution. They have reported that a 
metal: a legand ratio of 1:3 for cobalt, 1:2 for nickel and 1:1 for copper 
and zinc complexes in ethanolic solution. The tentative mechanism is 
given in scheme 1.1. 
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Scheme1.1:Reaction of immobilized Dithiocarbamate with metal solution 
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Tang et al/^ in 1998 have prepared a new ion-exchange 
chelating fiber with aminophosphonic and dithiocarbamate groups 
based on polyacrylonitrile for the simultaneous preconcentration of 
beryllium, bismuth, cobalt, gallium, silver, lead, cadmium, copper, 
manganese and indium in sea water. The fiber capacity was found to be 
74.1, 59.2, 69.2,31.9, 4.05, 9.57, 0.834, 3.06, 27.6, 3.06 [L mol g"' for 
Be, Mn, Co, Cu, Ga, Ag, Cd, In, Pb, Bi respectively at pH 6.The sample 
flow rate and eluant flow rate are found to be 5 ml min "' and 1 ml min ~ 
' respectively. It has been claimed that the metal ion can be concentrated 
to 200 times and the technique can be coupled with inductively coupled 
argon plasma - mass spectroscopy (ICP - MS) to provide a promising 
method for the determination of trace elements in sea water. 
Hamilton and Fulton"*^  have carried out the removal of mercury 
from wastewater using new selective adsorbent material. This adsorbent 
material is a porous resin having immobilized mercury selective 
chelating groups bound thereto. A particularly preferred adsorbent 
material is a cross linked styrene - divinylbenzene copolymer having 
immobilized dithiocarbamate groups bound thereto. Mercury containing 
wastewater containing mercury-complexing material comprising 
treating waste water containing mercury ions with strong oxidizing 
agent in a reaction chamber to produce pretreated wastewater by 
removing an effluent stream of pretreated wastewater from the reaction 
chamber and passing effluent stream of pretreated wastewater through a 
column pack with a mercury - selective adsorbent material to produce 
an effluent stream of wastewater having a reduced mercury content. 
Tandon et al."*^  have studied N - benzyl - D -
glucaminedithiocarbamate and its analog N - (4 - methoxybenzyl - D -
glucaminedithiocarbamate) which are effective chelators of cadmium 
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for their efficacy to induce excretion of lead to reduce tissue burden of 
lead in pre - exposed rats. These dithiocarbamates have been found to 
be effective in reducing hepatic and renal lead levels but not of brain 
lead levels, 
ii. Solubility of dithiocarbamates: The literature survey"^ ^ shows that the 
dithiocarbamic acids are unstable and their sodium and ammonium salts 
are stable. The dithiocarbamates of metal of atomic number more than 
20 are insoluble in water as well as in organic solvents. Some anhydrous 
dithiocarbamates are soluble in organic solvents. 
• Water insoluble dithiocarbamates can be dissolved in aqueous medium 
in presence of versenate (EDTA), ammonium hydroxide - ammonium 
chloride buffer solution of pH 10. Hence it is clear that when zineb 
(Zinc ethylene bis(dithiocarbamate)) is treated with 1 M solution of 
EDTA in presence of ammonium buffer of pH 10, it converts to water 
soluble complex such as ammonium salt of ethylene bis 
(dithiocarbamate) and zinc form of ethylenediamine tetraacetic acid 
(EDTA). The tentative mechanism is given in scheme 1.2. 
Similarly a water soluble complex of sodium ethylene bis 
(dithiocarbamate) and precipitate of zinc hydroxide are obtained when 
zinc ethylene bis (dithiocarbamate) (zineb) is treated wih 0.1 M solution 
of sodium hydroxide. 
• Insoluble dithicarbamates acid can also be dissolved in presence of 
cation - exchange resin either in Na^ or NHj^ forms. Hence it is clear 
that Zn^^ is exchanged by Na^ to give water soluble sodium salt of 
ethylene bis(dithiocarbamate). The tentative mechanism is given in 
scheme 1.3. 
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Scheme 1.2; Conversion of insoluble dithiocarbamate into soluble 
dithiocarbamate by reaction with EDTA and ammonia buffer of pH 10. 
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Scheme1.3: Conversion of insoluble dithiocarbamate into soluble 
dithiocarbamate by reaction with cation ion exchange. 
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h. Synthesisof New Compounds: 
i. Sulfines: Cherrie and Metzner'*^ have demonstrated that the oxidation 
reaction of various dithiocarbamates give corresponding sulfines 
(S-oxides). A number of sulfines could be isolated and characterized 
although their stabilities are very moderate. The sulfines decomposed to 
thiocarbamates and dithiocarbamates on keeping them at ambient 
temperature. 
ii. Drugs: Ching^° has proposed a new method of synthesis of conjugates 
of nitric oxide scavengers (e.g. dithiocarbamates) with drugs (e.g. 
NSAIDS). These conjugates provide a new class of drugs (e:g anti-
inflammatory agents). These conjugates have much lower incidence of 
side effects and they are more effective than unmodified drugs because 
cells and tissues contacted by them are protected fi"om the potentially 
damaging effects of nitric oxide over production. For instance, 
ibuprofen is esterified with 2- pyrroHdinol in the presence of 
dithiocarbamate and resulting ester was treated with aqueous sodium 
hydroxide solution and carbon disulphide in ethanol, thus producing a 
dithiocarbamate of pyrrolidinol-ibuprofen. 
Dithiocarbamates have been safely and efficiently used in the treatment 
of HIV- infected patients^ ^ For instance, alkyltin(IV)dithiocarbamates 
have been investigated for their antitumor activity ^^'^^, and the activity 
has been attributed to chelation and transport of the organic moiety. 
E. Synthesis of New Dithiocarbamates: Humeres et al.^ ^ have 
synthesized and characterized potassium chitosan dithiocarbamate 
(ChitDTC) by using elemental analysis and solid-state 13C NMR 
spectroscopy. The degree of substitution (number of substituents per 100 
2-amino-2-deoxyglucopyranoside units) and molalities of the groups are 
calculated for acetylamino, amino and dithiocarbamate substituents in 
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chitin, chitosan and ChitDTC. A comparative study is performed for the 
retention and exchange of Cu (II) with chitin chitosan and ChitDTC at 
30 °C and pH 6.0 (0.1 M succinate). 
Kx 
ChitX + Cu (II) - - ChitXCu(II) 
The stability constants, Kx for the heterogeneous equilibrium 
are calculated assuming that complexing of Cu (II) is largely in a 1:1 
ratio with respect to each other. The values of Kx for each group are 
NHAc 45.1, DTC 3.14x103 and NH2 1.12x104. It is proposed that in the 
presence of succinate, the main species of aqua Cu (II) present in 
solution must be the uncharged Cu (Il)-succinate complex that prevents 
the acetylamino, amino and DTC groups from forming complexes 
higher than 1:1. Also, this may explain the fact that the stability constant 
for DTC is lower than for the amino group. The method allows the 
characterization of the chelating ability of each group in ChitDTC with 
respect to metal ions. 
Nag et al.^ ^ have synthesized heteroleptic dioxomolybedenum 
(VI) complexes [Mo02Cl(L)L'] (L= di-Et dithiocarbamate, 
pyrrolidine dithiocarbamate, diiso-prdithiocarbamate, piperidine 
dithiocarbamate. Me xanthate or iso-pr xanthate, L' = OPPhs or DMSO) 
by treating equimolar amount of Mo02Ci2(L')2 with the Na or K salts of 
the corresponding dithiocarbamates or xanthates. All of these 
derivatives are coloured solids which are soluble in polar solvents. The 
complexes are characterized by elemental analysis and spectral 
(electronic, IR, NMR) studies. 
James et al. have prepared heterobinuclear complexes 
[C0M0O2 (NCS) (L)3 (H2O)] (L=diethyldithiocarbamate, 8-quinolinol, 
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or 4-morpholinyldithiocarbamate) by the interaction of ammonium 
molybdate with ammonium thiocyanate in the presence of hydrazinium 
sulphate and cobalt (II) nitrate in DMF. The magnetic moment, EPR and 
PES data suggest the presence of molybdenum (V) and low-spin cobalt 
(III). The crystal field splitting parameters have been evaluated from the 
electronic spectral data. The infrared spectra suggest the presence of N-
bonded thiocyanate ligand (2040 and 780 cm'^), dithiocarbamate ligand 
(1500 and 960 cm'') and Mo bonded with oxygen (910 cm"') in the 
molecule. The extensive splitting in each case observed in the IH NMR 
spectra of the complexes indicates the restricted rotation of the alkyl 
side chain of the bidentate dithiocarbamate groups. The redox behaviour 
of the complexes in DMF is discussed from the cyclic voltammetry data. 
The thermal decomposition and infrared spectral studies confirm the 
presence of coordinated water molecule. The proposed structure consists 
of octahedral cobalt (III) and an octahedral oxomolybdenum (V) bridged 
by an oxo and a thiocyanate groups. 
en 
Arora et al. have prepared transition metal 
dialkyldithiocarbamate complexes [{(R2NCS2)n M}; R2 = Me2 or Et2 and 
M= V, Mo, W and Ft] complexes by the reaction of metal chloride 
{MCln; n = 3, M = V, W and n = 4, M = Mo, Ft} with sodium 
dialkyldithiocarbamate, {R2NCS2Na};R2=Me2orEt2] in 
dichloromethane/ water(l:l)mixture. The metal complexes are 
characterized by elemental analysis, conductance and IR spectral 
studies. The synthesized complexes along with their parent salts are 
screened for their fimgi toxicity under in vitro conditions against the 
three phytopathogenic fungi, viz Altemaria altemata, Fusarium 
oxysporum and Colletotrichum capsici by spore germination inhibition 
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technique. All the complexes exhibit antifungal activity to varying 
extents. 
Pastorek et al.^ ^ have synthesized Ni(II)di(pentyl) 
dithiocarbamates [Ni (Pe2dtc)2], [NiX (Pe2dtc)(PPh3)] (X = CI, Br, I, 
NCS), [Ni(NCS)(Pe2dtc)(PPh3)], [Ni(Pe2dtc)(PPh3)2]C104 and 
[Ni(Pe2dtc)(PPh3)2]PF6, (Pe2dtc = dipentyldithiocarbamate). The 
complexes are characterized by X-ray. 
Siddiqui et al.^ ^ have synthesized [MPy2(dedtc)2] and [MPy2 
(dpdtc)2] (M = Mn, Fe, Co, Ni, Cu, Zn, dedtc = diethyldithiocarbamate 
and dpdtc = diphenyldithiocarbamate). The complexes are characterized 
by elemental analysis, magnetic susceptibility, TGA/DSC and IR in the 
solid state and electronic spectroscopy and conductance measurement 
studies in solution state. The complexes have a distorted-octahedral 
structure. 
Chaturvedi et al.^ ^ have developed a mitsunobu-based protocol 
for the synthesis of dithiocarbamates from the corresponding alcohols 
using carbon disulphide and amines in good to excellent yields. This 
protocol is mild, chemoselective and efficient compared to other 
reported methods. 
Nirawan et al^' have prepared Cadmium(II) complexes of new 
polydentate dithiocarbamates with benzyl or methylferrocene as 
substituents. The IR spectra of the complexes suggested a bidentate 
coordination of dithiocarbamate ligands to the cadmium ion. The 
thermal properties of cadmium complexes were studied by 
thermogravimetric analysis (TGA) and differential scanning calorimetry 
(DSC). Pyrolysis of cadmium complexes was further carried out at 700 
°C and the products were characterized by powder X-ray diffraction 
(XRD), field emission scanning electron microscopy (FESEM), and 
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transmission electron microscopy (TEM). The pyrolysis of cadmium 
methylferrocene complex produced a product with nanofibers. 
Farkhanda et al. have synthesized Six palladium(II) 
dithiocarbamates of general formula Pd(AmDTC)2, where 
AmDTC = aminedithiocarbamic acid, [Pd(II) piperidine dithiocarbamate 
(1), Pd(II) 4-methylpiperidinedithiocarbamate(2), Pd(II) A^ -
methylbenzyldithiocarbamate (3),Pd(II) dibenzyl -dithiocarbamate (4), 
Pd(II) dicyclohexyldithiocarbamate (5), Pd(II) A -^cyclohexyl-A'^ -
methyldithiocarbamate (6)] and characterized by elemental analyses, 
FT-IR, ' H and '^ C NMR. The X-ray structure of Pd(II), compounds 3 
and 4, showed that the ligands are chelated by both sulfur atoms with 
bond angles Sl-Pd-S4 = 179.24(2)° and S2-Pd-S3 = 179.09(5)°, with a 
distorted square planar geometry around Pd. All these complexes were 
screened for cytotoxic and antibacterial effects and showed significant 
activities. 
F. Analysis of Carbamate Pesticide Residues: 
The analysis of carbamate pesticides in agriculture is now firmly 
established and is becoming more extensive. Thus there is a genuine 
need of pesticide residue analysis in our ecosystem. Several methods 
have been used for the detection, separation and determination of 
pesticides in different environmental matrices. The analysis is often 
complicated by chemical changes undergone by the pesticides when 
absorbed into living tissue, adsorbed onto the soil, or exposed to 
ultraviolet light or sunlight. These changes often produce compounds 
which are more toxic than the original pesticides and the analyst has to 
determine the rate of the break down, the nature and quantity of these 
metabolites and end - products, as well as the pesticide residue. The 
analysis of pesticide residues involves the following steps: 
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a. Detection: Preliminary characterization of pesticide residues 
b. Extraction of pesticide residues 
c. Clean-up or Separation 
d. Pre-concentration /Enrichment 
e. Determination/Estimation 
a. Detection: Generally, a preliminary characterization of the residue is 
required before undertaking sophisticated and costly instrumental 
analysis. Spot-test analysis has been found to be inexpensive and simple 
for the on field detection of the residue. Different characteristics of the 
pesticide have been utilized to maximize the sensitivity, selectivity, and 
specificity of the test. Recently, several spot tests such as the capillary 
spot test, the thin-layer chromatographic spot test, the paper 
chromatographic spot test, the ion -exchange spot test and the 
enzymatic spot test, have been developed and used for the detection of 
pesticide residues at trace levels. 
i. Spot tests: Spot tests are simple, sensitive, selective or specific, 
inexpensive and rapid. The spot test analysis has been found to be 
extremely useful for the preliminary on-field detection of pesticides. 
Generally, a preliminary examination of a test material is required 
before undertaking costly and sophisticated quantitative analysis in 
order to minimize time and operational costs. Recently, the following 
tests have been developed for the detection and semi-quantitative 
determination of pesticide residues in environmental samples. 
A Paper spot test has been developed ^^ for the detection of 
carbaryl in water. To carry out this test a paper strip impregnated with 
sodium hydroxide was spotted with carbaryl and then it was treated with 
2,6-dichloroquinone-4-chloroimine. A violet spot appears if carbaryl is 
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present. The lower limit of detection is found to be 0.06 jig/spot. The 
tentative mechanism is given in Scheme 1.4. 
Padalikar et al.^ '* have reported a thin-layer chromatography 
spot test for the determination of carbaryl. Silica gel G coated thin-layer 
chromatography (TLC) plates spotted with carbaryl gives violet colour 
on treating with copper (II) chloride solution followed by ammonium 
metavandate reagent. The lower limit of detection for carbaryl and 1 -
naphthol is 10 |ig/spot and 1 fxg/spot respectively. The lower limit of 
detection is 1 ng/spot for carbaryl and 1-naphthol, when alkaline 
hexacyanoferrate (III) is used as a chromogenic reagent. Other 
insecticides such as malathion, parathion, dimethoate, sumithion, ekalax, 
eldrin, DDT, baygon, carbofuran and zineb do not interfere. The 
tentative mechanism is given in Scheme 1.5. 
A selective, sensitive, simple and inexpensive spot test is 
described for the detection ^^  of mancozeb at trace levels in the soil, 
vegetation and water. It is based upon the intensive catalytic action of 
dithiocarbamates on the production of nitrogen from sodium azide 
reaction with iodine. The chemical reactions involved are given in 
Scheme 1.6. 
A spot test has been developed for the on-field detection of 
dithiocarbamate fungicides ^^  at |Lig levels in soil, vegetation and water. 
Copper-ammonia complex on cation-exchange resin beads in presence 
of diethanolamine has been used as a chromogenic reagent for carbon 
disulphide. The reaction involved has been shown in Scheme 1.7. 
A spot test has been developed ^^  using sulphanilic acid-sodium 
nitrite-sodium hydroxide, 8-hydroquinoline and alkaline 
hexacyanoferrate (III) as colouring reagents for the sensitive and 
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selective detection of carbaryl at fig level in environmental samples. The 
tentative reaction mechanism is shown in Scheme 1.8. An already 
known, spot test for dithiocarbamates is extended for the selective 
detection of mancozeb at fig levels in its formulations and water. Copper 
(II) chloride-acetic acid is used as a colouring reagent. The reaction 
mechanism is shown in Scheme 1.9. 
/TO 
A colour reaction based on the formation of black lead 
sulfide by treatment of mancozeb with alkaline plumbite solution has 
been developed for the thin-layer chromatography (TLC) detection of 
mancozeb. The lower limit of detection on a silica gel plate is 0.45 
|j.g/spot. Fungicides other than dithiocarbamates do not interfere in this 
test. The test can also be applied for the detection of mancozeb in soil 
extracts. A tentative reaction mechanism is shown in Scheme 1.10. 
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Scheme 1.6: Vigorous evolution of bubbles of nitrogen by using 
dithiocarbamate as a catalyst 
Cu'" 4. NH,50M - ^ Cu(NM3)4*"^  
Biuccoriipiox 
yeilov,' com:nle>; 
red c()n^picx 
Scheme 1.7: Colour reaction of copper-ammonia complex with 
dithiocarbamate 
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Scheme 1.8: Colour reaction of carbaryl with (a) sulphanilic acid in the 
presence of sodium nitrite (b) 5-niroso-8-hydroxyquinoHne (c) 
alkaline hexacyanoferrate (III) 
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Scheme 1.9: Colour reaction of mancozeb with copper acetate 
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Scheme 1.10; Colour reaction of mancozeb with lead plumbite 
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b. Extraction of Pesticide Residues: Several modem extraction 
techniques have been developed and they may be divided in the 
following two groups: 
i. Fluid-phase partitioning method 
ii. Sorptive and membrane -based extraction methods 
The selection of extraction procedure to be employed is 
governed by the type of pesticide and nature of matrix/ sample under 
examination. The extraction procedure should be of improved recoveries 
(at least 80% efficient), higher sample throughput (sufficiently 
selective), less organic solvent consumption and the minimum clean-up 
prior to the determination. 
Tadeo et al. have done a considerable piece of work in this 
direction. They have made multiresidue determination^^ of various 
herbicides and insecticides in soil. The method is based on the 
sonication-assisted extraction of pesticides in small columns (SAESC) 
using ethyl acetate and their determination and identification by 
capillary gas chromatography with electron-capture detector (GC-ECD) 
and gas chromatography with mass spectrometry (GC-MS). Recoveries 
obtained varied from 81-106 % with a relative standard deviation 
between 2 and 9% and the limit of detection (0.01 |J.g/g) for all the 
pesticides. 
In another approach they determined the pesticides ^^  of various 
chemical classes such as organochlorines, triazines and 
organophosphates by GC-MS using analyte protectants to counteract the 
matrix (soil, juice, honey etc) effect. Amongst several analytes L-
Gulonic acid y-lactone is found to be an effective protecting agent for 
most of the pesticides studied in soil and honey samples, whereas olive 
oil was found to be very effective for juice samples. 
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Pesticides'" such as endosulfan, chlorpyrifos, lindane and 
pendimethalin, volatilized from plants and soils are determined by 
headspace solid-phase microextraction (headspace SPME) and gas 
chromatography with electron-capture and mass spectrometric detection. 
SPME analyses are carried out with polydimethylsiloxane (PDMS) and 
polyacrylate (PA) fibres. They have also determined pesticides in juices 
and beverages ^^  by solid-phase extraction, solid-phase micro extraction 
and chromatographic methods. 
Pasquale et al. used SPME for organophosphorous pesticides 
in a range of complex matrices such as water and soil. The applicability 
of headspace solid-phase microextraction (HS-SPME) to the 
determination of multi-class pesticides in water was reported by 
Sakamoto et al.^ '*. They also studied the effect of temperature on the 
extraction of 174 pesticides. 
Adsorption and degradation of thiazopyr have studied on two 
unamended soils and a soil amended annually during 8 years with 
compost under laboratory conditions. The results obtained are compared 
with the results on soils amended with fresh sewage sludge compost. 
The adsorption isotherms are fitted the Freundlich equation well and a 
marked sorption increase is found in amended soils. Degradation data 
followed first-order kinetics and thiazopyr have a half-life of about 75 
days at 25 °C and 60 % water-holding capacity of soil. 
Blasco et al. used pressurized liquid extraction (PLE) for 
determination of traces of benzimidazoles and azols, organophosphorus, 
carbamates, neonicotinoids and acaricides in oranges and peaches. The 
exfraction was found to be more efficient at high temperature and 
pressure (75°C and 7500 psi) using ethyl acetate as extraction solvent 
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and acidic alumina as drying agent. Recoveries by PLE were 98% to 
97% and lower limits of extraction were 0.025 to 0.25 mg kg"'. 
c. Clean-up or Separation: The removal of interfering substances from 
the extract is usually referred to as the cleanup procedure. Generally the 
extract must be purified or cleaned-up before the determination of the 
pesticide residue can be carried out. The extract normally contains co-
extracted matter sufficient to interfere with the quantification. The co-
extractives such as halogen impurities interfere in the electron-capture 
detection, fatty materials interfere in thin- layer chromatography, and 
the co-extractives can affect the absorbance in spectrophotometry. The 
co-extractives also alter the characteristics of the chromatography 
column. Thus the analyst must choose an appropriate clean-up 
procedure. The methods such as adsorptions methods (column, planar 
chromatography), solvent partition, distillation and gel chromatography 
are generally used. The type of adsorbent and the technique used 
obviously depend on the nature of the co-extractive. 
d. Pre-concentration /Enrichment: Enrichment of the analyte is required 
in some cases before clean-up and commonly before using the 
sophisticated and costly end method of determination. The choice of 
enrichment method depends on factors such as the volatility and 
solubility of the pesticide residues, the degree of concentration required, 
and the nature of the analytical technique to be used. The following 
methods of preconcentration have been used: 
i. Concentration methods: In this procedure the solvent is removed in 
order to enrich the dissolved residues by using the techniques such as 
freeze concentration, lyophilization, evaporation, distillation, reverse 
osmonsis, and ultrafiltration. 
48 
ii. Isolation methods: In this procedure the pesticide residues are taken out 
of solution with the help of techniques such as liquid-liquid extraction, 
solid -liquid extraction using activated carbons, polymeric adsorbents, 
in situ polymerized resins, polyurethane foam plugs, inorganic 
adsorbents (activated alumina, calcium phosphate, florisil, 
hydroxylapatite, magnesia, silica gel etc.), ion -exchange resins and 
precipitation. 
e. Determination/Estimation; The methods used in the determination of 
residues may fall into five groups namely biological, 
spectrophotometric, Volumetric, chromatographic, electrochemical and 
radiochemical. The radiochemical methods are extremely limited in use. 
i. Bioassay: It is based on the measurement of growth, death or some 
other physiological change in animals, plants or micro-organisms. Any 
organism which is susceptible to a pesticide may be used for the 
bioassay of its residues. Amongst several limitations main disadvantages 
are its lack of specificity and requirement of the isolation of very small 
quantities of toxicants from the large amount of plant or animal mass. 
The methods used for bioassaying pesticide residues are dry method, 
wet method, diet method, and enzymatic method. A few recently 
reported papers are summarized in the following paragraph: 
A disposable biosensor based ^^  on screen-printed electrodes is 
developed to determine the anticholinesterase pesticides such a 
phentoate, phosalone, fenitrothion, acephate, omethoate, 
monocrotophos, chlorpyriphos and pirimicarb in real samples. Another 
disposable biosensor based ^^  on acetylcholinesterase inhibition activity 
is exploited for testing the presence of carbofliran and carbaryl in 
foodstuffs. A piezoelectric crystal biosensor is developed ^^  for the 
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estimation of atrazine in water. They have also developed an 
amperometric sensor^^ based on cobalt phthalocyanine-modified 
composite electrodes and immobilized cholinesterases for the 
monitoring of paraoxon, carbaryl, heptenophos, malathion etc. in water, 
ii. Spectroscopic and spectrophotometric methods: These methods are 
simple, direct, sensitive and rapid but they do not achieve the sensitivity 
of thin-layer chromatography and gas chromatography. They may not be 
able to distinguish between the parent compound, and its metabolites 
and hydrolysis products but they can be used with chromatography as a 
confirmatory technique. Spectrophotometry is a reliable and routinely 
used technique that is readily available for analysts. A few papers have 
been reported in this area. 
CuUen has carried out spectrophotometric determination of 
zineb, maneb, ziram, ferbam, thiram and metiram residue on food crops. 
The residues were decomposed on the crop and the evolved carbon 
disulphide was collected and reacted with cupric acetate-diethanolamine 
in ethanol (0.0016%) to form the yellow cupric salt of N,Nbis(2-
hydroxyethyl) dithiocarbamic acid which can be measured 
colorimetrically at 435 nm. The speed of decomposition of the 
dithiocarbamate and the copper-carbon disulphide ratio were found to be 
critical factors. This method is sensitive to 20 |ig of carbon disulphide. 
Caldas et al. have developed a spectrophotometric method 
for the determination of dithiocarbamate fungicide residues in food 
using vertical disulphide reaction system. This new reaction system is 
proposed for the purification and complexation of CS2. It is less fragile 
than the traditional design, is easier to assemble, and allows for a higher 
some through put, in addition to being of low cost. Recovery of added 
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mancozeb, thiuram, or ziram (0.15-8.0 mg/kg) in rice, beans, apple, 
banana, orange, papaya, tomato, cucumber and potato ranged from 82-
120 % with relative standard derivations from 0-10 %. Analysis of 
apple, tomato and papaya samples with field-incurred dithiocarbamate 
residues showed comparable results using both the traditional and the 
new reaction systems. 
Sharma et al. ^^ have developed a simple, rapid and sensitive 
fourth derivative spectrophotometric method for the determination of 
ziram by the formation of its golden yellow coloured copper complex 
after dissolving into Triton X-100 at 441nm. Beer's law is obeyed over 
the concenfration range of 0.5-30 |xg/ml at 441nm in the pH range 4-8. 
This method has also been used for the determination of ziram in 
commercial samples like zirax and ziron containing ziram and from 
wheat grains. 
Malik et al. have developed a method for the direct fourth-
derivative spectrophotometric determination of ftingicide ferbam 
(Iron(III) dimethyldithiocarbamate) in commercial samples and wheat 
grains by converting it into an iron (II)2,2'-bipyridyl complex which is 
then dissolved in Triton X-100. Beer's law is obeyed over the 
concentration range of 0.5-20 ^g/ml in a final solution. Various 
parameters such as the effect of pH and interference of large number of 
ions in the determination of ferbam are also reported. 
Rathore et al. have carried out atomic absorption 
spectrophotometric determination of mancozeb residues, micronutrients 
(Mn and Zn ) in plants. It is based on the decomposition of organic 
matrix by freating mancozeb with oxidizing mixture (nitric acid-
perchloric acid) and the determination of zinc or manganese in the 
residue by using atomic absorption spectrophotometer. The lower limit 
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of determination has been reported to be at ppm level. The results of 
atomic absorption spectrophotometry have been compared with those 
obtained by volumetry in which disodium salt of ethylenediaminetetra 
acetic acid, eriochrome black-T and ammonia buffer of pH 10 have been 
used. 
Tuker et al.^ *^  have reported a simple, sensitive and rapid flame 
atomic absorption spectrometric (FAAS) method for the indirect 
determination of zinc ethylenebisdithiocarbamate (zineb) and ferric 
dimethyldithiocarbamate (ferbam), Metals liberated upon decomposition 
of the fungicides are determined by FAAS and the zineb and ferbam 
contents are calculated by stoichiometric relationship between the metal 
corresponding fungicides. The method is successfully applied to the 
analysis of zineb and ferbam in water, tomato and wheat grain. The 
fungicides are determined with relative standard and relative error < 5 
%. 
Cassella et al. have reported a new strategy for the slurry 
sampling determination of dithiocarbamate pesticide zineb (zinc 
ethylenebisdithiocarbamate) employing a flow injection system (FIA 
system) with a flame atomic absorption spectrometry (FAAS) detector. 
In the flow system, an on-line alkaline hydrolysis of the pesticide is 
performed, allowing the release of Zn(II) ions to the solution, which are 
easily detected by a FAAS. Several parameters such as the concentration 
of NH3(aq) used in the hydrolysis step, the effect of the presence of 
Triton X-100 on the sensitivity and precision, carrier flow rate and 
mixing coil volume have been studied. Under optimized conditions, 
aqueous slurries containing 2.5-25 |xg/ml zineb provided good 
calibration fits. From the obtained data, a detection limit of 1.0 fxg/ml 
zineb is found and a repeatability of 2.7% is obtained from 12 
measurements of slurry containing 2.5 i^g/ml zineb. A precision of 7.8% 
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is achieved from three determinations of a sample containing 128 mg/g 
of the pesticide. 
iii. Volumetric methods: A simple, inexpensive and rapid 
complexometnc titration has been developed for the determination 
of mancozeb. The procedure is based on the fact that mancozeb 
dissolves (at ppm level) in ammonia buffer of pH 10 in presence of 
versenate solution. The quantification is made on the basis of versenate 
consumed in the process of dissolution. The end point was detected by 
using visual indicator, Eriochrome Black-T, which gives wine red 
colour with zinc (II) and manganese (II) and changes to sky blue at the 
end point on titrating with versenate solution at pH 10. 
Tiwari et al. have developed a quick and convenient method 
for the milligram determination of some dithiocarbamate fungicides 
such as ziram, zineb, ferbam and thiram. Aliquots containing 1-5 mg of 
the sample is allowed to react with a calculated excess of O.IN 
chloramine-T reagent in the presence of glacial acetic acid for 10 min at 
room temperature (27°C). When the reaction is completed, the 
unconsumed reagent is back titrated with O.IN solution of sodium 
thiosulphate to starch end point. The results are within the error of ±1%. 
iv. Chromatographic methods: 
1. High performance liquid chromatography: This technique depends 
on the pesticides having sufficiently different partition coefficients in 
the selected solvent system. As the non-volatile pesticides are analysed 
by this technique an extremely wide range of pesticides can be 
separated. 
Weissmahr et al. °^ have carried the analysis of the 
dithiocarbamate fungicides such as ziram, maneb and zineb and the 
flotation agent ethyl xanthogenate by ion-pair reversed- phase high 
performance liquid chromatography in the natural water. The method is 
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based on the in situ formation of a 1:1 Cu(II)-dithioligand complex and 
its separation, as an ion-pair with hexane sulphonate on a C- 18 
reversed-phase column and detected as 260-287 nm. Detection limit is 
reported to be 3 fig/l (ziram), 9|ig/l (maneb) and 4 \xg/\ (ethyl 
xanthogenate). 
Zhou et al. '^ have established a derivative high performance 
liquid chromatography method for quantitative determination of 
cisplatin in emulsions. Cisplatin was extracted by dimethylsulphoxide 
(DMSO) from emulsions and reacted with sodium 
diethyldithiocarbamate (NaDDC) to produce a Pt(DDC)2 complex, 
which was extracted by chloroform and detected at 254 nm. An 
analytical column, U- Bondapak-Ci8H37 (5 |im, 150mm X 4m) was used 
with MeOH-H20 (80:20) as the mobile phase at a flow rate of 1 
mL/min. Nickel chloride was used as an internal standard. The main 
recovery of extraction has been found to be 78.4 % with relative 
standard deviation < 5%. 
Pico and Blasco have reported a quantitative matrix solid-
phase dispersion and liquid chromatography-atmospheric pressure 
chemical ionization mass spectrometry (LC-APCI-MS) method for the 
simultaneous analysis of dithiocarbamates (DTCs) and their degradation 
products in plants. 
Nakazawa et al. have developed a simple and sensitive 
method for the determination of dithiocarbamate fungicides by reversed-
phase ion-pair liquid chromatography with chemiluminescence 
detection. Dithiocarbamate fungicides react with luminol to produce an 
intense chemiluminescence in the presence of hexacyanoferrate(III) and 
hexacyanoferrate(II) in alkaline solution. The mancozeb and propineb 
are able to be separated using 5mM phosphate buffer (pH 7.5) 
contained 2.5 mM tetrabutylammonium hydrogen sulfate/methanol 
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(75:25) in a short time. Tlie proposed method is ap^jl.ied'to the^an^y^ 
of vegetables spiked with dithiocarbamate fungicides. '^ —-
2. Gas chromatography: Gas-liquid chromatography has been proved to 
be a largely used, most versatile and sensitive method for pesticide 
residue analysis. 
Woodrow et al. '^* have trapped air borne particulate residues 
that resulted from commercial applications of the dithiocarbamate 
fungicides (ziram and mancozeb) on glass fiber filters at 14-16 1/min up 
to 24 h. Hydrochloric acid hydrolysis, with stannous chloride reduction, 
is used to convert these residues to carbon disulphide, which is 
partitioned into isooctane for assay using sulphur mode flame 
photometric gas chromatography. Limits of detection have been found 
to be about 0.3 |Lig (ziram) and 0.5 ]x% (mancozeb) per filter, which are 
equivalent to about 14-23 ng/m^ (24h). 
Royer et al. '^ have developed an automated gas 
chromatography headspace method for the determination of 
dithiocarbamates in plant matrixes. The limit of detection is below 0.02 
mg/kg and the limit of quantification is below 0.05 mg/kg. 
Papadopoulou et al.^ ^ have developed microwave-assisted 
extraction (MAE) method for the analysis of N,N-
dimethyldithiocarbamate (DMDTC) and ethylenebisdithiocarbamate 
(EBDTC) fungicides in fruits and vegetables. Residues are extracted 
from the plant matrixes and hydrolysed to CS2 in a single step in the 
presence of 1.5 % SnCl2 in 5 N HCl using a lab microwave oven 
operated in the closed vessel mode. The evolved CS2 trapped in a layer 
of isooctane overlaying the reaction mixture, is analyzed by gas 
chromatography /flame photometric detection (GC/FPD). The limit of 
detection and limit of quantification are reported within the range of 
0.005-0.1 mg/kg. 
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Thin-layer chromatography: It has grown rapidly in recent years and 
is now widely accepted as a simple, reproducible, sensitive, quick and 
efficient technique for the detection, separation and determination of the 
most pesticides. 
Q7 
It has been reported that the admixtures of heavy metal ions 
such as Mrf\ Fe'\Co^\Ni" ,Cu^ ,Bi'" and Ag can be separated on 
cellulose plates impregnated with sodium diethyldithiocarbamate using 
organic solvents as mobile phase. 
Horvat et al. have studied the mobility of acid herbicide 
(4-chloro-2.-methylphenoxy) acetic acid [MCPA] and 2-(4-chloro-2-
methyl phenoxy) propionic acid [MCPP] in soils of North-West Croatia 
by soil thin-layer chromatography (STLC). Mobility of MCPA and 
MCPP is influenced by the change in concentration of soluble salts and 
the effect of mineral composition of the system is studied i.e. content of 
kaolin and sand in soil thin layer. The mobility of both herbicides is 
high on sand but low on kaolin layers. The mobility of phenoxy 
herbicides MCPA and MCPP is altered by the presence of fertilizers 
when both co-exist in soil as a result in human activity. It is found that 
mobility of acidic herbicides increases with application of fertilizers 
especially on soil with low clay and low organic matter content. 
Paper chromatography: This is the simple, inexpensive, rapid, 
sensitive and selective method of identification, estimation, detection 
and separation of pesticide residues. Its reproducibility is poor so it has 
been replaced by thin-layer chromatography. 
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Rathore and Kumar have performed chromatography 
of Mn^^ Fe^^ Fe^^ Co^^ Ni^^ Cu^^ Zn^^ Cd^^ Ug'\ Hg" and Pb'^ on 
paper strips impregnated with sodium diethyl dithiocarbamate and its 
admixtures with SiOi, CaS04, NaiCOj, NaCl, NH4CI, EDTA, NaOH, 
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CaCOa, Na2HP04 and H3PO4. Several binary separations have been 
achieved experimentally. 
V. Electrochemical techniques: The electrochemical techniques'^^ such as 
polarography, potentiometry and voltametry were applied in the analysis 
of pesticide residues. The technique, electrochemical biosensors, is 
described in biological methods. Polarographies applied to the analysis 
of pesticide residues contain an oxidisable or reducible group such as 
nitro, halogen, carbonyl, etc. Several workers investigated the use of 
polarography to detect parathion, malation, bisdithiocarbamates, 
triphenyl tin fungicides etc. Rafiqee et al.'°' reported direct current 
polarographic studies of parathion in micellar medium, 
Perez et al. used micellar electrokinetic chromatography for 
the determination of herbicides, metribuzin and its major conversion 
products in soil. 
vi. Radiochemical techniques: The neutron activation analysis was 
utilized to determine elements including bromine and chlorine at traces 
(l^ig kg"') in milk products and fruits. The technique is of limited use 
because expensive equipment and skilled technicians are involved. 
Radioactive isotope was used in analyzing the pesticide metabolites at 
the level 0.1 jigkg"'. 
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CKA^¥im<S^-2 
Simple ancfSelective SpectropHotometric 
Method for the 1(putine (Determination of 
Ziram ^sidues using Ion-Tj(change 
(Dissolution 
I. INTRODCTION 
Dithiocarbamates are being used as fungicide''^, ion 
exclianger^, chromogenic reagent^.These are also being used in 
lubricating oil^''^, sulphur vulcanization*\ graft copolymerization*^, 
floatation of non - ferrous metals*'^ , as etc. The concentration of 
dithiocarbamates is increasing day by day in the environment due to 
their repetitive and continuous use in crop protection and storage of 
foodstuffs. Amongst different analytical methods, 
spectrophotometry has been found to be simple and inexpensive for 
the routine and accurate analysis of dithiocarbamates in 
foodstuffs''*.Therefore, a known spectrophotometric method 
previously used for the determination of Cu (II) has been now 
extended for the determination of sodium diethyldithiocarbamate 
(NaDDC) and zinc dimethyldithiocarbamate (ziram) in water, food 
grains and formulations. The results obtained are described in this 
chapter. 
II. EXPERIMENTAL 
A. Apparatus: A visible spectrophotometer CL 24 (Elico, India) 
was used, 
B. Reagent: Sodium diethyldithiocarbamate (NaDDC), copper 
sulphate pentahydrate and n-butyl acetate; zinc 
dimethyldithiocarbamate (ziram formulation); mancozeb (WP); and 
carbon disulphide (CS2) were LR grade chemicals from CDH; GSC; 
MIL; and SDFC respectively. All other reagents were used of 
analytical grade. Ziram synthesized in our laboratory was used as a 
standard material. 
C. Preparation of Solutions: Solutions of NaDDC (0.01%), copper 
sulphate pentahydrate (0.20%), citric acid (25%), dimethylamine 
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(25 - 30% w/v), sodium hydroxide (80%), zinc sulphate (0.10 N) 
and disodium salt of ethylenediamine tetraacetic acid (EDTA) 
(4.0%) were prepared in distilled water (DW). Suspensions of ziram 
(1.0%), ziram formulation (1.0%) and mancozeb (1.0%) were 
prepared in DW. 
D. Composition of Tap Water: The tap water was composed of 91 
ppm total alkalinity as CaCOa, 203 ppm total hardness as CaCOs; 
13-14 ppm chloride; 14-18.5 ppm sulphate; 0.99-1.0 ppm fluoride; 
2.1-2.5 ppm nitrate-nitrogen; 1.25-1.50 ppm cadmium; 4.5-5.0 ppm 
copper; 2.0-2.5 ppm chromium; 15-16 ppm manganese; 8.5-10 ppm 
nickel; 0.70-0.80 ppm lead; 132-139 ppm zinc; 132.25-134.56 i^ 
ohm"' elecrical conductivity and pH 8. 
E. Synthesis of Ziram: Dimethylamine (18 ml of 25 - 30 % w/v) was 
taken in a conical flask, cooled in ice bath at 3 - 5"C and sodium 
hydroxide solution (5 ml of 80%) was added to it with constant 
stirring .CS2 (6 ml) was added drop wise to this mixture making 
sure that no fumes escape from flask. The reaction mixture was 
stirred for 4h at 10°C and kept over a night in refrigerator. The 
needle shaped crystals separated out. The crystals were dissolved in 
DW and then zinc sulphate (100 ml of 0.10 N) was added into it 
with constant stirring for 2h. The microcrystalline solid so obtained 
was filtered, washed with DW (2 X 20 ml), dried at room 
temperature (30°C) and desiccated on calcium oxide. The purity of 
the product was tested by measuring melting point (246"C) and by 
TLC analysis in chloroform and carbon disulphide. 
F. Development of Colour: Aqueous solutions of copper sulphate 
pentahydrate (10 ml of 0.20%) and citric acid (5 ml of 25%) were 
taken in a conical flask. The mixture was rendered slightly alkaline 
with dilute ammonia solution. The excess ammonia was boiled off 
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and then EDTA (15 ml of 4.0%) was added into it. The reaction 
mixture was cooled to room temperature (25°C) and transferred into 
a separatory funnel. A known volume of NaDDC solution or ziram 
suspension was added into it. The mixture was shaken for 45 sec 
and the yellow product was extracted in 10 ml of n-butyl acetate. 
G. The Absorption Spectra: The absorbance of above yellow extract 
was recorded at different wavelengths using the reagent blank. The 
results obtained are shown in Fig.2.1. 
H. Effect of Temperature: the reaction mixture was kept at 0°C, 5°C, 
35°C and 45°C for lOmin. Then the coloured product was extracted 
in n-butyl acetate at room temperature (25°C). The absorbance was 
recorded at X^ ax (430nm) against the reagent blank. The results 
obtained are shown in Fig.2.2. 
I. Effect of Time: The yellow extract was placed at room 
temperature (25°C) and the absorbance was recorded with different 
periods of time against the reagent blank. The results obtained are 
shown in Fig.2.3. 
J. Calibration Curve: Calibration curve were made by taking the 
solutions of different concentration in different conical flasks. The 
reagents were added into it and the colour was developed by using 
the above mentioned procedure. The absorbance of the yellow 
extract was recorded against the reagent blank at 430nm.The Beer-
Lambert's law is followed from 1 to lO^g ml"^  and 5 to 40^g ml ' 
for NaDDC and ziram respectively. The curves obtained are shown 
in fig.2.4. 
K. Effect of Foreign Substances: The effect of the foreign substances 
on the absorbance was studied by adding the following in the 
reaction mixture. The limit of tolerance of the substances is given in 
the paranthesis: aqueous solution of zinc sulphate (0.05-0.5mg), 
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manganese sulphate (0.1- 1.0 mg), ferrous sulphate (0.05-0.5 mg), 
ferric chloride (0.05-0.5mg), nickel chloride (0.05-0.5 mg) and lead 
sulphate (0.05-0.5 mg) and aqueous suspension of mancozeb (0.1-
1.0 mg), benzene hexachloride (BHC) (0.1-1.0 mg) and malathion 
(0.1-1.0 mg). The colour was developed, extracted and the 
absorbance was recorded at 430nm. The results obtained are given 
in Table 2.1. 
L. Determination of Ziram Residues in Tap Water: Ziram (5-20 i^g 
mf') was extracted from dosed tap water (100 ml) with 5 ml of 
chloroform. The chloroform was removed and the residue was 
treated with the reagent to develop the colour. The colour was 
extracted and the absorbance was recorded. The samples of water 
were also extracted with 2 X 5 ml of chloroform and 3 X 5 ml of 
chloroform in order to improve the recovery and then the above 
procedure was applied. The results obtained are given in Table 2.2. 
M. Determination of Ziram Residues in Grains: The suspension of 
ziram (5 - 20 i^g ml"') in DW was dosed in wheat (5 gm), arhar 
pulse (5 gm) and groundnut seeds (5 gm). The dosed grains samples 
were kept at room temperature (25°C) for 24h and ziram residues 
were extracted with 5 ml of chloroform. The solvent was removed 
and the residue was treated with the reagent in order to develop the 
colour. The colour was extracted with n-butyl acetate and the 
absorbance was recorded at 430 rmi. The results obtained are given 
in Table 2.3. 
N. Determination of Ziram Residues in Formulations: Ziram 
(5-40ngmr') was determined in aqueous suspension of ziram 
formulation by using the aforesaid spectrophotometric procedure. 
The results obtained are given in Table 2.4. 
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III. CALCULATION 
The standard deviation (s), coefficient of variation (C.V), 
average deviation (d) and molar absorptivity (s) were calculated 
from the following expression: 
S = / I ( x - x ) ' 
n - 1 
S 
C.V= XlOO 
d = 
e = 
n 
AM 
bC 
X = Value measured 
X = Arithmetic mean of x 
n = Number of value measured 
A = Absorbance 
M = Molecular weight 
b = Path length = 1 cm 
C = Concentration in gm/L 
The results obtained are given in Table 2.5. 
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IV. RESULT AND DISCUSSION 
The literature survey shows that the following procedures 
have been used for the routine analysis of metal dithiocarbamate 
fungicides residues analysis: 
A. The standard carbon disulphide evolution method - CuUen'^  has 
revised it for determining dithiocarbamates residues on food crops 
i.e.; the residue is decomposed on the crop, the evolved carbon 
disulphides collected and reacted to form the yellow cupric salt of 
N, N-bis(2-hydroxyethyl) dithiocarbamic acid which has been 
measured spectrophotometrically (Table 2.6). It is sophisticated 
method as an intensive care is required for the total decomposing of 
dithiocarbamate and then the conversion of carbon disulphide into a 
coloured product. The precision of the method is affected by many 
variables, the most important of which, is sampling techniques. 
However, the technique is well versatile, so it has been used for 
spectrophotometric determination of numerous'^ compounds, which 
can produce carbon disulphide. 
B. The reaction of metal part of fungicide molecule with chromogenic 
reagents- Rao'^ et al have developed spectrophotometric 
determination of ziram and zineb in formulations, crops and 
synthetic mixture (Table 2.6). It is based on the formation of zinc-
thiazolylazo -2-naphthol complex, which is insoluble in water, but 
it is solublized by adding triton X - 100, which acts as a solublizing 
and sensitizing agent. 
C. Determination of metal part - Rathore'^ et al. have determined 
mancozeb residues in edible plants and vegetables. The sample was 
crushed, powered and dissolved in sulphuric acid (Table 2.6). The 
organic matter was removed by oxidation and then metal 
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concentration was determined either by EDTA titration or by 
atomic absorption spectropliotometer. The EDTA method has been 
claimed to be a simple, inexpensive and readily available tool for 
determining the change in the heavy metal ion concentration in 
plants due to the use of metal containing fungicides such as 
mancozeb. 
D. Conversion of colourless dithiocarbamate into a colored 
dithiocarbamate - Malik and Rao have developed (Table 2.6) a 
spectrophotometric method for the determination of zinc (II) 
dithiocarbamate by converting it into coloured Cu (II) 
dithiocarbamate complex and extracted into molten naphthalene. 
The absorbance is measured at 430 nm versus a reagent blank. It is 
a sensitive method and can be applied for the determination of 
ziram in formulations and wheat grains. 
In this paper efforts have been made to extend a known 
spectrophotometric method (previously used for the determination 
of Cu (II)) for the determination of some dithiocarbamates.Fig.2.2 
shows that the reaction is more sensitive at 25°C. Fig.2.3 shows that 
the coloured product in butyl acetate is stable for IV2 h at 25°C. The 
aqueous solution of sodium diethyldithiocarbamate gives coloured 
product immediately while the suspension of ziram requires a 
thorough shaking at least for 1 min. to produce the colored product. 
It is due to the conversion of water insoluble zinc 
dimethyldithiocarbamate to water soluble ammonium 
dimethyldithiocarbamate as by ion - exchange process. Zinc ions 
react with EDTA to make water soluble zinc- EDTA complex. 
Aqueous suspension of mancozeb does not produce any colour. It is 
clear from Table 2.1 that the common substances such as zinc 
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sulphate, magnese sulphate,ferrous sulphate, ferric chloride, nickel 
chloride, lead sulphate, mancozeb, BHC and malathion do not 
interfere in this method. The method has appreciable limit of 
tolerance for chloropesticides such as BHC (0.1-1.0 mg), 
phosphorous pesticides such as malathion (0.1-1.0 mg) and sulphur 
pesticides such as mancozeb (0.1-1.0 mg). The results summarized 
in Tables 2.2, 2.3 and 2.4 shows that this method might be used for 
the determination of ziram residues in cereals, water and 
formulations. It is also clear that the recovery is poor in pulses and 
grains of groundnut. It may be due to irreversible absorption of 
ziram on pulses and grains of groundnut. 
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Table 2.1: Effect of foreign substance 
Foreign substance added 
Name 
Zn2+ 
Fe2+ 
Fe3+ 
Mn2+ 
Ni2+ 
Pb2+ 
Mancozeb 
BHC 
Malathion 
Amount 
(Mg) 
500 
500 
500 
1000 
500 
500 
1000 
1000 
1000 
NaDDC 
Taken 
(Hg) 
50 
50 
50 
50 
50 
50 
50 
50 
50 
Found 
(^g) 
50 
54 
50 
50 
50 
54 
47 
50 
45 
Ziram 
Taken 
10 
10 
10 
10 
10 
10 
10 
10 
10 
Found 
(fig) 
10.5 
10 
10 
9.5 
10 
10 
8 
9.5 
9.5 
% Error 
NaDDC 
0.0 
+8.0 
0.0 
0.0 
0.0 
+8.0 
-6.0 
0.0 
-10.0 
Ziram 
+5.0 
0.0 
0.0 
-5.0 
0.0 
0.0 
-20.0 
-5.0 
-5.0 
Table2.2: Recovery of ziram from tap water 
Fortification level 
^igml'' 
5 
10 
12 
14 
16 
18 
20 
Amount recovered 
^igml"' 
4.0 
9.5 
11.0 
13.0 
15.0 
16.0 
17.0 
Recovery 
% 
80 
95 
92 
93 
93 
89 
85 
75 
Table 2.3: Recovery of ziram from grains 
Samples—> 
Fortification 
level 
Hgml"' 
5 
10 
12 
14 
16 
18 
20 
Wheat 
Amount 
recovered 
figml"' 
5.0 
7.0 
8.0 
8.5 
10.0 
11.5 
15.5 
Recovery 
% 
100 
70 
67 
61 
63 
64 
78 
Pulse 
Amount 
recovered 
^gml"' 
4.0 
5.0 
7.0 
8.0 
9.5 
10.5 
13.0 
Recovery 
% 
80 
50 
58 
57 
60 
58 
65 
Groundnut 
Amount 
recovered 
lagml"' 
2.0 
2.5 
3.0 
3.5 
4.0 
5.0 
6.5 
Recovery 
% 
40 
25 
25 
25 
25 
28 
31 
Table 2.4: Determination of ziram residues in formulation 
Amount taken 
Hgml' 
5 
10 
15 
20 
25 
30 
35 
40 
Amount found 
Hgml"' 
5.0 
10.0 
13.0 
19.0 
22.0 
28.5 
34.5 
39.5 
Error 
% 
0.0 
0.0 
-13.3 
-5.0 
-12.0 
-5.0 
-1.4 
-1.25 
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TABLE 2.5a: Statistical data for NaDDC 
NaDDC 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
N 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
Absorbance at 430nm 
x±s 
0.028 ± 0.007 
0.050 ±0.005 
0.094 ± 0.005 
0.126 ±0.005 
0.144 ±0.005 
0.186 ±0.005 
0.240 ± 0.00 
0.258 ± 0.0044 
0.278 ± 0.0044 
0.326 ± 0.005 
C.V 
25.0 
8.9 
5.3 
3.9 
3.4 
2.7 
0.0 
1.7 
1.5 
1.5 
• ^ 
[ ( F f f l n P f ^ ^ 
- 0.004 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.05 X 104 
0.10 X 104 
0.15x104 
0.22x104 
0.26 X 104 
0.33 X 104 
0.41 X 104 
0.45 X 104 
0.51 X 104 
0.57 X 104 
TABLE 2.5b: Statistical data for ziram 
Ziram 
(lig) 
5 
10 
15 
20 
25 
30 
35 
40 
N 
6 
6 
6 
6 
6 
6 
6 
6 
Absorbance at 430nm 
X±S 
0.116 ±0.0052 
0.235 ± 0.0083 
0.325 ± 0.0055 
0.415 ±0.0055 
0.513 ±0.0221 
0.608 ± 0.0075 
0.726 ± 0.0081 
0.813 ±0.0245 
C.V 
4.4 
3.5 
1.6 
1.3 
4.3 
1.2 
1.1 
3.0 
d 
0.66x10-^ 
0.0 
0.0 
0.0 
-2.3x10"^ 
0.33 X 10'^  
0.66x10-^ 
20.3 X 10-^  
e 
[(1 mol"') cm" 
36.7 
73.4 
100.9 
128.4 
155.9 
186.5 
223.5 
247.7 
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CH)i^l^^-3 
Cfiromatograpfiic (BeHavior of Some 
<I>itfiiocar6aniate fungicides on Thin - Layer 
ofC^CCulbse CfiromatopCates 
I. INTRODUCTION 
In third world countries fiingicides are used in crop protection 
as well as in storage of foodstuffs', Dithiocarbamate fungicides are 
used in large quantities to protect tomatoes, potatoes, brinjal, maize, 
and wheat in Aligarh district of Uttar Pradesh, India. Dithiocarbamates 
form a wide variety of complexes with divalent and other polyvalent 
metal ions . Therefore, in continuation to our previous work' the 
thin layer chromatographic behavior of some dithiocarbamate 
fungicides has been studied on plates coated with, cellulose and 
cellulose impregnated with heavy metal salts solutions. The results 
obtained are described in this paper. 
II. EXPERIMENTAL 
A. Apparatus 
Glass jar (25 X 5 cm), glass plate (20 X 4 cm), calibrated 
micropipette (Gilson, France), temperature-controlled electric oven 
(Tempo, India), and 200 mesh size sieves (British Standard Sieves) are 
used. 
B. Reagents and Chemicals 
Copper sulphate pentahydrate, cadmium nitrate tetrahydrate, 
mercuric nitrate monohydrate, and NaDDC were obtained from CDH, 
New Delhi; nickel chloride hexahydrate from E. Merck, Mumbai; 
ferric chloride and lead nitrate from Qualigens, Mumbai; 
microcrystalline cellulose and mancozeb (75%) from Modem 
Insecticides Ltd, India; propineb (70%) from Bayer Chemicals Co, 
India; zineb (75%) from Indofils Chemicals Co and ziram from GSC, 
India, were used. All other chemicals and reagents were of AR or LR 
grade. 
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C. Composition of Tap Water 
It contains total alkalinity as CaCOs (91 ppm); total hardness 
as CaCOa (203 ppm); chloride (13-14 ppm); sulphate (14.0-18.5 ppm); 
fluoride (0.99-1.0 ppm); nitrate-nitrogen (2.1-2.5 ppm); cadmium 
(1.25-1.50 ppm); copper (4.5-5.0 ppm); chromium (2.0-2.5 ppm); 
manganese (15-16 ppm); nickel (8.5-10 ppm); lead (0.70-0.80 ppm) 
and zinc (132-139 ppm). Its electrical conductivity and pH are 132.25-
134.56 |x ohm"' and 8 respectively. 
D. Preparation of Solutions 
Solution of metal salts (1 M) was prepared in distilled water. 
Fungicides (Igm) were dissolved in 100 ml NaOH (0.1 M). 
E. Preparation of Chromatoplates 
Microcrystalline cellulose (15 gm) was made into slurry with 
distilled water (90 ml) and a layer was applied to glass plate. The 
plates were first allowed to dry at room temperature and then in a 
temperature-controlled electric oven at 110° C for Ih. The activated 
chromatoplates were stored in a desiccator at room temperature for 
TLC work. Plates were also coated with cellulose containing metal salt 
solution. 
F. Spotting of Test Solution 
Test solution (0.001ml) was spotted on the middle of a lower 
edge of the thin-layer chromatoplate with a micropipette. The spot was 
dried at room temperature and then the chromatoplate was developed. 
G. Development of Chromatoplates 
The spotted plate was developed to 10cm from the point of 
sample application in a closed glass jar containing mobile phase. 
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H. Visualization of Spot 
After development, the plates were dried to remove the 
solvent and the analyte on the plate was visualized by iodine vapors. 
I. Measurement of Rf, R| and Rt Values 
The following expressions were used to calculate the Rf valuer-
distance traveled by the solute 
Rf (Compact spot) = 
distance traveled by the solvent 
RM (tailing) = 
average of R\ and Rt (cm) 
Distance traveled by the solvent 
Ri (tailing) = distance (cm) traveled by the lower edge of a tailing spot 
Rt (tailing) = distance (cm) traveled by the upper edge of a tailing spot 
III. RESULTS AND DISCUSSION 
A. Mobility on Cellulose and Impregnated Cellulose 
The results recorded in Fig. 3.1 show the following trends in 
mobility in different mobile phases:-
B. Water and Aqueous Solutions 
All the five dithiocarbamate fungicides understudy move as a 
compact spot (Rf value =0.79 - 0.97) in distilled water (DW), deep well 
water, ammonia buffer of pH 10, solution of EDTA and sodium lauiyl 
sulphate. Hence it is clear that residues of these fungicides can be 
removed from cellulose products by treating with DW or deep well 
water or surfactant solution or EDTA solution. The fungicides show 
the differential mobility on plates coated with cellulose containg salt 
solutions of copper (II), nickel (II), cadmium (II), iron (III), mercury 
(II) and lead (II) i.e. the mobility is zero (Rf value = 0.00) in DW, deep 
well water and ammonia buffer while they show appreciable mobility 
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(Rf value =0.16 - 0.32) in EDTA solution as well as in sodium lauryl 
sulphate solution. It has been also noted that these fungicides move as 
a compact spot in EDTA solution and they tail in sodium lauryl 
sulphate solution. The complex forming tendency of dithiocarbamate 
with metal ion attributes for this behavior. It seems that these 
complexes are insoluble in water and they are slightly soluble in 
solution of EDTA and sodium lauryl sulphate. These observations 
online with the fact that sodium salts of dithiocarbamates are water 
soluble while the salts of bivalent/polyvalent metal ion are insoluble in 
water. Hence it is clear that if cereals or fruits or vegetables are 
contaminated with metal salts, the removal of dithiocarbamates 
becomes tedious by washing with water or aqueous solution due to 
formation of insoluble complexes. 
C. Organic Solvents 
Mobility of dithiocarbamates is zero on cellulose in all the 
five organic mobile phases under study. It is due to the fact that sodium 
salts of dithiocarbamates are insoluble in organic solvents. It is also 
clear that the mancozeb has minimum mobility in comparison to other 
dithiocarbamates. There is no appreciable change in mobility in the 
mobile phases (Carbon tetrachloride, Benzene, chloroform, n-butyl 
acetate, isopropanol) of different dielectric constants (e = 2.2-18.5). 
D. Effect of Fungicide Concentration on Mobility 
Table 3.2 shows that all the fungicides move as a compact 
spot at lower concentration (lOfxg/spot) and they start tailing at higher 
concentration (> 40|xg/spot). It is also clear that detection of 
dithiocarbamates with iodine fails at lower concentration (10|ig/spot) 
on plate coated with cellulose containing salt solution of iron (III) and 
mercury (II). It may be due to the strong complexation of 
dithiocarbamate with iron (III) and mercury (II). 
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E. Mobility on Cereal Flour and Its Admixture with Cellulose 
None of the mobile phases under study ascends on the 
chromatoplates coated with flour. Therefore chromatoplates were 
coated with the admixtures containing different ratios of cellulose to 
flour and the admixture contains cellulose: flour:: 9:1 was found to be 
more suitable for chromatographic studies. The results recorded in 
Fig.3.2 show that the dithiocarbamates move as a compact spot in DW, 
deep well water and aqueous solution of EDTA while they tail in 
organic solvent. The mobility of all the dithiocarbamates on 
chromatoplates coated with admixture of cellulose and flour is similar 
to those obtained on chromatoplates coated with cellulose alone. 
Therefore it seems that cereal flours are inert adsorbent for 
dithiocarbamates. 
F. Separation Achieved 
Fig. 3.1 shows that several separations are possible on 
chromatoplates coated with cellulose in aqueous mobile phases. The 
separations which have achieved practically are summarized in Table 
3.1. 
84 
Fig. 3.1: Mobility of dithiocarbamate fungicides on cellulose chromatoplates 
impregnated with metal ion solutions 
(a) Ziram 
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Cellulose + Hg(NOj)2.H20 CH: Chloroform 
Cellulose + PbNOj BA: n-Butyl acetate 
X- axis: Mobile phase IP: Isopropanol 
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CT: Carbon tetra chloride 
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(b) Zineb 
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Abbreviations are given in Fig. 3.1 (a). 
86 
(c) NaDDC 
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Abbreviations are given in Fig. 3.1 (a). 
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(d) Propineb 
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Abbreviations are given in Fig. 3.1 (a). 
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(e) Mancozeb 
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Abbreviations are given in Fig. 3.1 (a). 
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Fig. 3.2: Mobility of dithiocarbamate fungicides in different concentration on 
cellulose chromatoplates impregnated with metal ion solutions using n-butyl acetate 
as mobile phase 
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(c ) NaDDC 
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(d) Propineb 
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(e) Mancozeb 
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Fig. 3.3: Mobility of dithiocarbamate fungicides on cereals flour and its admixture 
with cellulose 
(a) Ziram (b) Zineb 
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Other abbreviations are given In Fig. 3.1(a). 
W- Wheat flour G- Gram flour M- Maize flour 
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(c)NaDDC (d) Propineb 
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96 
(e) Mancozeb 
Abbreviations are given in Fig. 3.3(a). 
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Table 3.1: List of experimentally achieved separation 
Stationary phase 
Cellulose 
Cellulose+CuS04.H20 
Cellulose+NiCb.eHiO 
Cellulose+Cd(N03) 2.4H2O 
Mobile phase 
Distilled water 
Tap water 
n-Butyl acetate 
n-Butyl acetate 
n-Butyl acetate 
Separation (Rf value) 
Zb (0.87)-Ma (0.00) 
Zb (0.89)-Pr (0.00) 
Nd (0.78)-Zb (0.97) 
Zm (0.85)-Pr (0.96) 
Nd (7.10-9.20 cm)-Zb (0.00) 
Nd (6.90-9.50 cm)-Ma (0.00) 
Nd (4.80-9.60 cm)-Pr (0.00) 
Nd (7.40-9.20 cm)-Zm (0.00) 
Zm (6.80-9.80 cm)-Zb (0.00) 
Zm (6.90-9.80 cm)-Ma (0.00) 
Zm(6.80-9.80 cm)-Pr(O.OO) 
Zm (0.98)-Zb (0.00) 
Zm (0.98)-Pr (0.00) 
Zm (0.98)-Ma (0.00) 
Zm (0.50)-Zb(0.00) 
Zm(0.50)-Pr(0.00) 
Zm (0.50)-Ma(0.00) 
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CHyi^^^-4 
SyntkesiSy Cficiractenzation, TungicidaCand 
(BacteticidaCActivity ofMetaC 
(DietfiyUitfiiocarbamate Tungicides 
L INTRODUCTION 
The plant protection has become necessary in order to 
increase the food production. Among the commercially available 
current fungicides, the group of dithiocarbamate is of special interest. 
Zinc dithiocarbamate (zineb, ziram), manganese dithiocarbamate 
(maneb), iron dithiocarbamate (ferbam) are well known fungicides 
which are used as protective fungicides in grapes, cauliflower, 
potatoes, chillies, apples, groundnut, paddy etc. for the last many years. 
Their effectiveness has somewhat reduced and their large doses are 
required for fungal control. Thus there is a growing interest in 
synthesizing new dithiocarbamates, which can be applied at low 
concentration to control the fungal growth. 
Therefore, now some new dithiocarbamate such as 
diethyldithiocarbamate of copper, cadmium, lead and nickel have been 
synthesized and characterized. The already known fungicide zinc 
diethyldithiocarbamate^' has now been prepared again and its 
properties have been included for the sake of comparison. 
II. EXPERIMENTAL 
A. Apparatus and Instruments 
Atomic absorption spectrophotometer (GBC 902, Austalia), 
Autoclave (Narang Company, India), Fourier transform spectrometer 
(NEXUS 670, Necolet Incorporation. U.S.A), magnetic stirrer 
(Sunvic, U.K.), melting point apparatus (Reichert thermovar, Austria), 
Temperature controlled electric oven (Tempo, India), TGA/DTA 
instrument (Mettler Toledo 85 T Switzerland.), Powder X-ray 
diffractometer (Bruker, Scotland) were used. 
B. Reagents and Chemicals 
Agar-agar (Hi media Laboratories Ltd, India); sodium 
diethyldithiocarbamate trihydrate, lead nitrate and cadmium nitrate 
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tetrahydrate (CDH, India); copper nitrate pentahydrate, zinc nitrate 
hexahydrate and nickel chloride hexahydrate (E.Merck, India); fungi 
namely Aspergillus niger, Chrysosporium tropicum, Rhizopus oryzae, 
Candida albicans, Saccharomyces cerevisae, Biopolaris sorokinina, 
bacteria namely Bacillus subtilis, Staphylococcus aureus, 
Pseudomonas aeruginosa, E. coli, Bacillus sphaericus, 
Chromobacterium violaceum ( Institute of Microbial Technology, 
Chandigarh) were used. All other chemicals and reagents used were of 
AR or LR grades. 
C. Preparation of Solutions 
The solutions of cadmium nitrate (O.IM), copper nitrate 
(O.IM), nickel chloride (O.IM), lead nitrate (O.IM), zinc nitrate (O.IM) 
and sodium diethyldithiocarbamate (O.IM) were prepared in distilled 
water. The readymade potato dextrose agar (PDA) medium (39g) was 
suspended in distilled water (lOOml) and heated to boiling until it 
dissolved completely. The medium was autoclaved at 15 lb/inch^ for 
20 min. 
D. Synthesis of Metal Dithiocarbamate 
a. Copper Diethyldithiocarbamate: Solution of sodium 
diethyldithiocarbamate (500ml of O.IM) was added drop wise into a 
solution of copper nitrate (250ml of O.IM) with continuous stirring of 
Ih. The precipitate thus formed was kept overnight. The supernatant 
was removed by decantation, 200ml distilled water was added, shaken 
for 15min. the precipitate was allowed to settle and the supernatant was 
decanted. The process was repeated two times and then the precipitate 
was filtered on Buckner funnel. The precipitate was washed again three 
times with distilled water; dried initially at room temperature (20^C) 
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and then dry at 60±5°C till constant weight. Finally the product was 
desiccated over calcium carbonate for a week. 
b. Lead Diethyldithiocarbamate: Solution of lead nitrate (250ml of 
O.IM) was taken in place of solution of copper nitrate & procedure (a) 
was followed. 
c. Cadmium Diethyldithiocarbamate: Solution of cadmium nitrate 
(250ml of O.IM) was taken in place of solution of copper nitrate & 
procedure (a) was followed. 
d. Nickel Diethyldithiocarbamate: Solution of nickel chloride (250ml of 
O.IM) was taken in place of solution of copper nitrate & procedure (a) 
was followed. 
e. Zinc Diethyldithiocarbamate: Solution of zinc nitrate (250ml of 
O.IM) was taken in place of solution of copper nitrate & procedure (a) 
was followed, 
E. Analysis of Sample 
a. Solubility The powdered sample (10 mg) was shaken with 1 ml of 
solution/ solvent in a test tube, the contents were placed at room 
temperature (22^C) for 24 h and then the changes in the appearance of 
dithiocarbamates were noted. 
b. Melting Point The melting point was recorded by Reichert thermovar. 
c. Atomic Absorption Spectrophotometry: The dried and powdered 
sample (lOOmg) was dissolved in 10 ml of nitric acid (1.0 M) and then 
it was diluted with distilled water to obtain a solution of the required 
concentration. 
d. Infrared: The infrared spectra were taken as KBr disc in the range of 
4000 cm"' - 500 cm'' 
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e. X-ray: X-ray diffraction of powdered samples was recorded by 
powder X - ray diffractometer. 
f TGA and DTA: The thermogravimetric analysis of the samples was 
carried out at a constant heating rate up to temperature 1000°C in air 
atmosphere. 
g. Fungal Activity Test: The synthesized metal dithiocarbamates under 
study were tested for fungicidal activity by agar cup bioassay method 
using five test organisms namely Aspergillus niger, Chrysosporium 
tropicum, Rhizopus oryzae, Candida albicans, Saccharomyces 
cerevisae, as follows: 
i. Cup diffusion method: Agar cup bioassay was employed for testing 
antifungal activity. The potato dextrose agar (PDA) medium was 
poured into sterile Petri dishes under aseptic conditions in a laminar 
flow chamber when the medium in the plates solidified; 0.5 ml of 
(week old) culture of test organism was inoculated and uniformly 
spread over the agar surface with a sterile L-shaped rod. Solutions 
were prepared by dissolving plant extract in acetone and different 
concentrations were made (50,100 )ig/ml). After inoculation, cups 
were scooped out with 6 mm sterile cork borer and the lids of the 
dishes were replaced. To each cup different concentration of test 
solutions (50, 100 ^g/ml) were added. Controls were maintained with 
acetone and clotrimazole (100 ng/ml). The treated and the controls 
were kept at room temperature for 48 h. Inhibition zones were 
measured and diameter was calculated in millimeter. Three to four 
replicates were maintained for each treatment. 
ii. Effect of dithiocarbamates fungicides on the spore germination: 
The fungicidal effect of synthesized metal dithiocarbamates was tested 
on spore germination of Bipolaris sorokinina. The test was based on 
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the slide-germination technique^ using a concentration 2000 ppm/ml of 
dithiocarbamates under study. 
h. Bacterial Activity Test: The synthesized metal dithiocarbamates were 
tested for bactericidal activity by broth dilution method usmg six test 
organisms: Bacillus subtilis, Staphylococcus aureus, Pseudomonas 
aeruginosa, E. coli, Bacillus sphaericus, Chromobacterium violaceum. 
The broth dilution method is as follows: 
Broth dilution method: The test was used to determine the minimal 
inhibitory concentration (MIC). Serial dilutions of a stock solution of 
compounds were incorporated into 0.5 ml of nutrient broth in glass 
tubes to get required concentration. All the tubes were inoculated with 
standardized inoculum of organism. Control was maintained with 
acetone in the last tube. The whole setup was incubated at 25-30°C for 
8 days. Examine tubes for visible signs of bacterial growth. The 
lightest dilution without growth is the minimal inhibitory concentration 
(MIC). 
III. RESULTS 
A. Copper Diethyldithiocarbamate 
Copper diethyldithiocarbamate under study is dark brown powdered 
substance. It is soluble in IM HCl, IM HNO3, IM H2SO4 and 
benzene and insoluble in distilled water, deep well water, IM NaOH, 
IM K2Cr207 (oxidizing agent) and IM ascorbic acid, IM Na2S204 
and IM hydroxyl amine (reducing agent).The results are recorded in 
Table 4.2. It melts at 210°C (Table 4.3). IR spectrum shows the peak 
(cm-') at 1675.56W, 1506.00s, 1431.71sh, 1376.66sh, 1351.59sh, 
1299.59W, 1271.72s, 1205.00w, 1145.09w, 1098.25w, 1070.99w, 
993.10m, 910.07W. X - ray diffraction data are reported in Table 4.5. 
DTA and TGA grams show two peaks at 247°C and 320°C and only 
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one plateau corresponding to 73.63 % conversion (241.48°C -
349.72°C). The results are recorded in Table 4.6. It shows good 
fungicidal and bactericidal activity as it inhibits the growth of both 
fungi and bacteria (Table 4.7, 4.8 and 4.9). 
B. Lead Diethyldithiocarbamate 
The lead diethyldithiocarbamate under study is off white powdered 
substance. It is soluble in IM HCl, IM HNO3, IM H2SO4 and 
benzene and insoluble in distilled water, deep well water, IM NaOH, 
IM K2Cr207 (oxidizing agent) and IM ascorbic acid, IM Na2S204 and 
IM hydroxyl amine(reducing agent). The results are recorded in Table 
4.2. It melts at 224°C (Table 4.3). IR spectrum shows the peak (cm'') 
at 1483.07s, 1456.04w, 1417.57s, 1376.62w, 1353.09w, 1298.86w, 
1265.85s, 1204.07W, 1137.14m, 1070.81sh, 980.85sh, 905.35w. The X 
- ray diffraction data are reported in Table 4.5. DTA and TGA grams 
show only one peak at 345°C and only one plateau corresponding to 
52.78 % conversion (241.48°C - 349.72°C). The results are recorded in 
Table 4.6. It shows good fungicidal and bactericidal activity as it 
inhibits the growth of both fungi and bacteria (Table 4.7, 4.8 and 4.9). 
C. Cadmium Diethyldithiocarbamate 
The cadmium diethyldithiocarbamate under study is white powdered 
substance. It is soluble in IM HCl, IM HNO3, IM H2SO4 and benzene; 
Slightly soluble in IM NaOH and insoluble in distilled water, deep 
well water, IM K2Cr207 (oxidizing agent) and IM ascorbic acid, IM 
Na2S204 and IM hydroxyl amine (reducing agent). The results are 
recorded in Table 4.2. It melts at 280°C (Table 4.3). IR spectrum 
shows the peak (cm'^ ) at 1502.64s, 1454.26w, 1430.29s, 1377.28w, 
1352.37W, 1297.91W, 1271.61s, 1206.89s, 1145.24m, 1096.62w, 
1071.67m, 991.34s, 910.34m . The X - ray diffraction data are 
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reported in Table 4.5. DTA and TGA grams shows only one peak at 
361°C and only one plateau corresponding to 81.84 % conversion 
(241.48°C - 349.72°C). The results are recorded in Table 4.6. It shows 
good fungicidal and bactericidal activity as it inhibits the growth of 
both fungi and bacteria (Table 4.7, 4.8 and 4.9). 
D. Nickel Diethyldithiocarbamate 
The nickel diethyldithiocarbamate under study is green powder. It is 
soluble in IM HCl, IM HNO3, IMH2SO4 and benzene and insoluble 
in distilled water, deep well water, IM NaOH, IM K2Cr207 (oxidizing 
agent) and IM ascorbic acid, IM Na2S204 and IM hydroxy 1 
amine(reducing agent). The results are recorded in Table 4.2. It melts 
at 259°C (Table 4.3). IR spectrum shows the peak (cm'^) at 1517.Us, 
1443.15m, 1349.60sh, 1273.33m, 1203.81w, 1150.01w, 1077.54w, 
990.35w, 910.23w. The X - ray diffraction data are reported in Table 
4.5. DTA and TGA grams show only one peak at 382°C and only one 
plateau corresponding to 75.70 % conversion (241.48°C - 349.72°C). 
The results are recorded in Table 4.6. It shows good fungicidal and 
bactericidal activity as it inhibits the growth of both fungi and bacteria 
(Table 4.7,4.8 and 4.9). 
£. Zinc Diethyldithiocarbamate 
The zinc diethyldithiocarbamate under study is white powder. It is 
soluble in IM HCl, IM HNO3, IM H2SO4 and benzene, IM NaOH and 
insoluble in distilled water, deep well water, IM K2Cr207 (oxidizing 
agent) and IM ascorbic acid, IM Na2S204 and IM hydroxy 1 amine 
(reducing agent). The results are recorded in Table 4.2. It melts at 
181°C (Table 4.3). IR spectrum shows the peak (cm'') at 1499.32s, 
1427.87m, 1347.62w, 1267.62s, 1199.46m, 1142.37w, 1068.88w, 
985.09s, 907.57W. The X - ray diffraction data is reported in Table 4.5. 
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DTA and TGA grams show only one peak at 345°C and only one 
plateau corresponding to 59.48 % conversion (241.48°C - 349.72°C). 
The results are recorded in Table 4.6.It shows good fungicidal and 
bactericidal activity as it inhibits the growth of both fungi and bacteria 
(Table 4.7, 4.8 and 4.9). 
IV. DISCUSSION 
When water soluble alkali salt, sodium diethyldithiocarbamate, reacts 
with metal salts (Cu, Pb, Cd, Ni, Zn), the corresponding salts of 
dithiocarbamic acid is formed. These salts are practically soluble in 
acids and organic solvents while insoluble in water and aqueous 
solvents. This observation is in line with those reported^. 
S ~ 
II 
N - C - S Na + ZnSOr 
S -
II 
Zn +Na2S04 
Relevant IR bands for the compounds under study are given in Table 
4.4. The following regions of the spectra are particularly informative 
with respect to molecular structure of these compounds^'^. 
Peak at 1250cm'^  is due to the absorption caused by C - N stretching 
vibrations. The thiureide band, which arises as a consequence of 
delocalization of the electron pair on nitrogen to the R2N - CS2 bond 
(polar canonical form) appears at 1500cm"'. This bond increases the 
double bond character of the linkage and displaces the band from 1250 
cm"' to 1500cm"'. This effect can be clearly noted by inspecting the 
values reported in Table 4.4 which ranges from 1517cm"' to 1483cm"'. 
The position of antisymmetric C = S stretching vibration of > NCS2 
group of carbodithioate ligands appear to be in region 1050cm"' to 
1200cm'. The electron donation from S atom to the metal causes a 
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shift from its typical position of 1200cm"' to 970cm''. This effect is 
also apparent from the results reported in Table 4.4. 
The d - values and relative intensity of X - ray diffraction data of the 
compounds under study are reported in Table 4.5. 
DTA data shows that the copper diethyldithiocarbamate gives two 
peaks at 247°C and 320°C. It is because, when copper dithiocarbamate 
heated in air, it gave cuprous sulphide around 245 °C and latter it was 
partially oxidized to sulphate'°. 
Table 4.7 shows the fiingicidal activity of the compounds under study 
as they inhibit the fungal growth by forming an inhibition zone. Table 
4.8 shows the effect of dithiocarbamates under study on the spore 
germination of ftmgi Bipolaris sorakinina. The results are quite 
satisfactory since standard deviation in the data is not more than 10 but 
out of these, nickel diethyldithiocarbamate seems to be promising. The 
results given in Table 4.9 show the minimum inhibitory concentration 
of the compounds using broth dilution method. 
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Table 4.3: Melting point and analysis of metal dithiocarbamates 
Compound 
HSRi 
HSR2 
HSR3 
HSR4 
HSR5 
Metal Ion 
Cu(ll) 
Pb(ll) 
Cd (II) 
Ni(ll) 
Zn (11) 
Melting Point 
("C) 
210 
224 
280 
259 
181 
% Metal Ion 
Experimental 
16.0 
40.0 
22.0 
17.6 
16.0 
Calculated 
17.7 
41.15 
27.5 
16.5 
18.1 
Abbreviations are given in Table 4.1 
Table 4.4: Selected Infrared frequencies of metal dithiocarbamates 
Compound 
HSRi 
HSR2 
HSR3 
HSR4 
HSR5 
IR Frequencies (cm"^ ) 
Vc=s 
993.10m 
980.85m 
991.34m 
990.35W 
985.09m 
Vc-N 
1271.72s 
1265.85s 
1271.61s 
1273.33s 
1267.62s 
Vc=N 
1506.00s 
1483.07s 
1502.64s 
1517.11s 
1499.32s 
Abbreviations are given in Table 4.1 
m= mild, s=sharp, w=weak 
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Table 4.8: Effect of dithiocarbamates fungicides on the spore germination 
of Bipolaris sorokinina 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Rl 
58.8 
71.4 
90.0 
81.3 
76.7 
79.4 
72.7 
68.9 
66.7 
68.8 
84.6 
77.8 
56.7 
51.7 
76.5 
69.6 
66.7 
46.7 
45.9 
55.6 
64.5 
80.0 
66.7 
78.9 
77.2 
R2 Mean 
HSRi 
80.0 
67.9 
76.2 
72.4 
87.5 
69.4 
69.6 
83.1 
76.8 
82.1 
76.2 
HSR2 
62.5 
75.0 
75.9 
82.4 
61.1 
70.9 
73.8 
72.4 
74.5 
64.9 
71.3 
HSR3 
85.4 
76.9 
78.6 
72.7 
67.6 
HS 
65.6 
52.9 
67.7 
38.5 
71.8 
HS 
73.3 
81.8 
74.4 
75.0 
71.4 
84.9 
77.4 
67.6 
62.2 
72.0 
72.8 
R4 
67.6 
59.8 
57.2 
42.2 
63.7 
58.1 
Rs 
68.9 
80.9 
70.5 
76.9 
74.4 
74.3 
SD 
6.6 
3.8 
8.8 
9.7 
4.9 
Abbreviations are given in Table 4.1. 
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CHMT^9^-5 
Synthesis^ cfiaracterization andantifungaC 
activities of 3([-transition metaCcomplej^es of 
l-acety[piperazinyC£tfiiocar6amate, !M(acpdic)2 
I. INTRODUCTION 
The coordination cliemistry of sulfur-containing systems has 
been growing at a rapid pace due to their close resemblance with 
biomolecules like amino acids (e.g. methionine, cysteine), peptides 
such as glutathione, proteins, enzymes and vitamins\ Among the 
various organosulfur systems dithiocarbamates owe special significance 
due to their wide biological, industrial, agricultural and chemical 
applications^"^. The versatility of dithiocarbamato Hgands may be 
attributed to their small bite angle, leading to the stabilization of a wide 
range of oxidation states of transition metal and group(IV) elements'^ " .^ 
The complexing ability of dithiocarbamato ligands stems from the 
presence of the potential sulfur donors which can delocalize positive 
charge from the metal towards the periphery of the complex^. 
Dithiocarbamato ligands are found to complex almost all the transition 
metal as well as the main group elements. These dithiocarbamato 
complexes have been employed as fungicides, pesticides, herbicides, 
antifouling agents, lubricants, vulcanizers, NO-trapping agents, as froth 
flotation and transition metal extraction agents^"* \ Recently, 
dithiocarbamates have also been used as structural motifs in the 
supramolecular chemistry due to their robust complexing ability'^. A 
remarkable feature of dithiocarbamato ligands is the ease of their 
preparation; by the reaction of carbon disulfide with primary or 
secondary amine in presence of a strong base. However, it has been 
found that the dithiocarbamates obtained from primary amine are less 
stable than their secondary amine analogs since the former are 
susceptible to elimination reactions yielding isothiocyanates'^ 
Piperazine, a cyclic diamine, offers itself as useful motif for 
the generation of sensor based polyazamacrocyclic complexes because 
of its electron releasing and molecular recognition properties''*. 
118 
Structurally, piperazine has the ability to exist in its two well studied 
chair as well as boat form. However, the former is more stable as the 
later conformer gives rise to a strained five-membered chelating ring'^ 
Another notable feature of piperazine is its broad biological relevance 
for instance piperazine derivatives are used as dopamine reuptake 
inhibitors for treating the depression and Parkinson disease^^, as 
I T 1 $2 
antimalarial, antimicrobial, analgesic and antipyretic agent . One of 
the early medicinal uses of piperazine was to irradiate the worms both 
in human as well as animal subjects. The major advantage of using this 
diamine is that the excess will be excreted through the urine'^. 
Hence due to the wide spectrum of biological properties of 
both dithiocarbamates and piperazine derivatives we thought it worth 
interesting to study the dithiocarbamato complexes of 1-
acetylpiperazine. As piperazine can exist both in chair as well as boat 
form so this study also aims to explore the conformation of piperazine 
together with the bonding mode of the dithiocarbamato group. Keeping 
in mind with the vast biological activity of piperazine and its 
derivatives, this paper also reports the antimicrobial activity of 
potassium 1-acetyldithiopiperazine and its 3<i-transition metal 
complexes. 
II. EXPERIMENTAL 
Hydrated metal chlorides (Merck), 1-acetylpiperazine (Sigma-
Aldrich), carbon disulfide, potassium hydroxide (Merck, Mumbai) 
were used as received. Methanol was distilled prior to use. Elemental 
analyses (C, H, N and S) were carried out with a Elementar Vario EL 
III Carlo Erba 1108 analyzer. The metal contents were estimated by 
complexometric titration ^°. IR spectra (4000-400 cm"') were recorded 
on a Perkin Elmer RXIFT-IR spectrometer as KBr disc. The electronic 
spectra were recorded on a Cintra 5GBC spectrophotometer in DMSO. 
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The ' H - N M R spectra were recorded on a Bruker DRX-300 
spectrometer in DMS0-£^5 at room temperature. The conductivity 
measurements were carried out on a CM-82T Elico conductivity bridge 
in DMSO. Magnetic susceptibility measurements were done with a 155 
Allied Research vibrating sample magnetometer at room temperature. 
TGA was performed with a Perkin-Elmer (Pyris Diamond) thermal 
analyzer under nitrogen atmosphere using alumina powder as 
reference. The weight of the sample was between 8 to 12 mg and the 
heating rate was maintained at 10 °C/min. The melting point of the 
ligand and its complexes were recorded using Reichert thermovar, 
Austria using an open capillary method. 
A. Synthesis of Potassium 1-acetylpiperazinyldithiocarbamate, 
K(acpdtc) 
To a 25 ml methanolic solution of 1-acetylpiperazine (20.0 
mmol, 2.3 g) was added neat carbon disulfide (20.0 mmol, 1.2 ml) 
dropwise with continuous stirring maintained at 0°C. To this reaction 
mixture, KOH (20.0 mmol, 0.8 gm) dissolved in minimum amount of 
aqueous methanol (10 ml) was added and stirred overnight. The white 
compound formed was filtered and thoroughly washed with methanol 
and diethyl ether, and was desiccated over calcium carbonate. 
B. Synthesis of Metal Complexes M(acpdtc)2 where M = Mn(II), 
Fe(II), Co(II), Ni(II) and Cu(II) 
The transition metal complexes, M(acpdtc)2 were 
conveniently obtained in high yields by the addition of methanolic 
solution (25 ml) of hydrated metal chloride MCl2.nH20 (5 mmol) and 
K(acpdtc)(10 mmol ) in the same solvent (15 ml). The desired metal 
complexes were precipitated immediately. However, the stirring was 
continued additionally for 6 hours in order to ascertain complete 
precipitation. The precipitate was filtered, washed successively with 
120 
methanol and diethyl ether. The purity of the resulting complexes was 
checked using silica gel TLC. 
C. Procedure for Antifungal Activity 
The in vitro antifungal activity of the free ligand, K(acpdtc) 
and its transition metal complexes were tested against Fusarium sp. 
and Sclerotina sp. by agar well diffusion method by the foUowmg 
procedure: 
Sabourad dextrose agar plates: A homogeneous mixture of glucose-
peptone-agar (40:10:15) was sterihzed by autoclaving at 121 °C and 15 
Ib/cm^ for 20 min. The sterilized solution (25 ml) was poured in each 
sterilized petridish in laminar flow and left for 20 min to form the 
solidified sabourad dextrose agar plate. These plates were inverted and 
kept at 30 °C in incubator to remove the moisture and to check for any 
contamination. 
Antifungal assay: Fungal strain was grown in 5 ml sabourad dextrose 
broth (Glucose: Peptone; 40:10) for 3-4 days to achieve 10^  CFU/ml 
cells. The fungal culture (0.1 ml) was spread out uniformly on the 
sabourad dextrose agar plates by sterilized triangular folded glass rod. 
Plates were left for 5-10 min so that culture is properly adsorbed on the 
surface of sabourad dextrose agar plates. Now small wells of size (4 
mm X 2 mm) were cut into the plates with the help of well cutter and 
bottom of the wells were sealed with 0.8 % soft agar to prevent the 
flow of test sample at the bottom of the well. The test solutions 50 ^1, 
lOOjil, 200 \i\, 400 \i\ of stock solution (10 mg/ml) were loaded into the 
wells of the plates. DMF was also loaded as control. The plates were 
kept for incubation at 30 °C for 3-4 days and then the plates were 
examined for the formation of zone of inhibition. 
121 
III. RESULTS AND DISCUSSION 
The transition metal complexes were readily obtained by the 
substitution reaction of metal halide with bidentae ligand, K(acpdtc) in 
1:2 molar ratio (Fig. 5.1 and 5.2) forming complexes of the type 
M(acpdtc)2 as shown below: 
MCl2.nH20 + 2 K(acpdtc) • M(acpdtc)2 +2 KCl 
where M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II), acpdtc = 1-
acetylpiperazinyl- dithiocarbamate. Microanalytical data (CHNS), FT-
IR, UV-visible spectroscopy, ' H N M R , and TGA/DSC were used to 
characterize the complexes and are consistent with the proposed 
formulation (Table 5.1). The room temperature conductivity 
measurement (10 M) in DMSO indicated them to be non-
electrolytes . All the complexes are non-hygroscopic and stable in air, 
but are insoluble in common organic solvents and hence there crystal 
structures were not determined. 
A. IR Spectra 
The prominent IR bands are listed in Table 5.2. The infrared 
spectrum of dithiocarbamato complexes consists of two types of bands 
which are of direct structural significance. The first lies in the region 
950-1050 cm"\ which is characteristic of the nature of binding of the 
dithiocarbamato moiety^^ while the second lies in between 1450-1600 
cm" and is termed as thioureide band , This thioureide band may be 
considered as an intermediate in between v(C-N) and v(C=N) and its 
position predicts the shift of electron density towards the coordinating 
metal ion. According to the criterion laid down by Ugo and Bonati, the 
presence of a solitary band in the 950-1050 cm"' region is due to 
symmetrical bidentate coordination of the dithiocarbamato group while 
the splitting of this band within a narrow range of 20 cm"' is due to the 
unsymmetrical monodentate nature of the dithiocarbamato group ^\ In 
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the present study we have observed a single sharp band at 
994 ± 10 cm"' implying the symmetrical bidentate coordination of the 
1-acetylpiperazinyldithiocarbamate leading to the formation of two 
four membered rings on either side of the metal atom as shown below: 
C N N C< M >C N N C 
Similarly, the thioureide band allows us to predict the shift in 
electron cloud of NCSS bond upon coordination with the positive 
metal center. In the present study, broad NCSS band was observed at 
1454 cm'' in case of ligand and was found to be shifted appreciably (~ 
30 cm"') in case of metal complexes owing to the increase in double 
bond character^ ^ of the NCSS bond (Table 5.2). This effect may be 
accounted due to the electron delocalization toward the metal center. 
The metal coordination is fijrther ascertained by the presence of new 
medium to weak intensity bands in the far-IR region which may be 
assigned to v(M-S)^ .^ Hence, the band observed in the range 478-519 
cm"' may be assigned to v(M-S) which is in accord with the 
observations made by other authors^ .^ 
Another interesting feature is the appearance of a strong band 
at 1660 cm'' in case ligand, K(acpdtc) corresponding to the carbonyl 
group, and remains unaltered in complexes implying the non-
involvement of carbonyl group in coordination^ .^ Similarly, a slight 
variation is observed in the characteristic skeleton vibrational and 
deformation modes of the ligand as compared to its complexes which 
may be attributed to a distortion of the chair conformation upon 
coordination^ .^ 
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B. *H-NMR spectra 
The ' H - N M R spectra of the ligand exhibits a triplet at 6 = 2.34 
ppm due to the methylene protons of the piperazine ring. This peak 
was found to be shifted slightly downfield (8 = 2.55-2.62 ppm) in case 
of complexes implying the shift of electron cloud towards the positive 
metal center^'. This effect is similar to that found in the IR spectra, 
where a blue shift was observed in the thioureide band. However, a 
singlet at 7.81 ppm was observed for the hydroxyl proton, remains 
unaltered on going from free to complexed state implying its non-
involvement in coordination. 
C. Electronic Spectra and Magnetic Moments 
The free ligand, K(acpdtc)2 exhibits only two intense bands at 
36800 and 39480 cm"' which may be attributed to the intraligand 
charge transfer of the R2NCS2" group . The pale yellow solution of 
Mn(acpdtc)2 complex in DMSO exhibits strong charge transfer bands 
at 32884 and 30750 cm"' characteristic of tetrahedral Mn(II) ion 
besides an additional band at 19230 cm"' assigned to '*Ti <— ^A\ 
transition. The magnetic moment (5.44 B.M.) also supports a 
tetrahedral geometry for the Mn(II) ion^^ 
The Fe(acpdtc)2 complex shows only one spin allowed d-d 
band at 22880 cm"' corresponding to ^E <— T^2 transition in addition to 
charge transfer band at 32880 cm"'. Generally the magnetic moment 
for tetrahedral Fe(II) complexes lies between 5.0-5.5 B.M. 
corresponding to four unpaired electrons and we have obtained a value 
of 5.38 B.M. which is consistent with the tetrahedral nature of Fe(II) 
ion^^ 
For the Co(acpdtc)2 complex we have observed two bands at 
14500 and 21470 cm"' corresponding to ^T2(F) ^ % ( F ) and ''TICF) ^ 
A2(F) transitions, respectively, in addition to a charge transfer at 
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28500 cm"\ Although three spin-allowed electronic transitions are 
expected to occur for tetrahedral Co(II), but the visible spectrum is 
actually dominated by the highest energy transition, '*Ti(F) <— A2(F). 
This visible transition actually envelopes a large number of transitions 
originating from doublet excited states occurring in the same region. 
These transitions acquire some intensity by means of spin-orbit 
coupling which is one of the interesting feature of Co(II) tetrahedral 
complexes. Generally, the magnetic moment of tetrahedral, Co(II) 
complexes lies in the range 4.2 to 4.7 B.M. while for octahedral Co(II) 
it falls between 4.4 to 5.5 B.M. The observed magnetic moment (4.38 
B.M.) and the ligand field spectrum suggest a tetrahedral geometry for 
Co(II) ion^^ 
In case of Ni(acpdtc)2 complex two high intensity d-d 
transitions are observed at 16503 and 21990 cm'' corresponding to the 
'A2g <— ^Aig and 'Big <— 'Aig transitions, respectively supporting a 
square-planar structure^^. The possibility of square-planar geometry 
was further strengthened by a 0 magnetic moment obtained in the 
present case. 
The greenish Cu(II) complex shows two d-d absorption bands 
at 20410 and 14614 cm"' corresponding to Aig <— Big and Eg <— 
Big transitions, respectively and a charge transfer band at 22500cm"'. 
The absence of bands below 10000 cm"' discards the possibility of any 
tetrahedral or pseudo-tetrahedral geometry around the Cu(II) ion". 
Moreover, it is well known that for square-planar Cu(II) complexes the 
magnetic moment value falls in 1.82-1.86 B.M. while for tetrahedral 
Cu(II) ion, the ^ff is slightly higher (1.92-2.00 B.M.). Hence, the 
magnetic moment value obtained in the present case, 1.71 B.M is quite 
typical of mononuclear Cu(II) compounds with a S = 1/2 spin state^^ 
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D. Thermal Gravimetric Analysis (TGA) and Differential Scanning 
Calorimetry (DSC) 
A substantial amount of studies have been reported on the 
thermal behavior of transition as well as group(IV) element complexes. 
Generally, the metal dithiocarbamates obtained from aliphatic amines 
decompose to respective metal sulfides involving metal thiocyanate as 
the main intermediate whilst those generated from cyclic amines 
decomposes in a direct manner without involving the thiocyanate 
intermediate^^. In the present study, the ligand, potassium 1-
acetylpiperazinyldithiocarbamate and its fransition metal complexes 
were heated under an inert atmosphere m the temperature ranging from 
50 to 650 °C. The ligand was found to decompose in two distinct 
stages while the metal complexes exhibit three concurrent stages. The 
thermolytic cleavage of the ligand starts from 95 °C and ends at 110 °C 
with 13.01 % loss of weight corresponding to the evolution of carbon 
monoxide gas (Table 5.4). Such a behavior is quite expected as 
carbonyl group lies on the periphery of the molecule (Fig. 5.1). The 
second pyrolytic stage ranges in between 115 to 250 °C after which a 
straight line is observed. The whole organic moiety decomposes in this 
step and no residue is found in the crucible. This behavior is similar to 
that reported for the decomposition of ammonium 
pyrrolidinedithiocarbamate'*°. The DSC profile of the ligand also shows 
two well defined endotherms implying that the evolution of CO and 
decomposition of the organic moiety are accompanied with the 
absorption of heat. 
The first thermal decomposition of metal complexes onsets 
from 118 °C with the evolution of carbon monoxide, akin to the ligand 
but with a higher initial decomposition temperature, IDT implying the 
greater thermal stability than its precursor'*\ The second decomposition 
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stage ranges from 145 to 268 °C leading to the pyrolysis of the whole 
piperazine molecule (Table 5.4). However, the last stage of 
decomposition is consistent with the formation of respective metal 
sulfide as the end product, a feature common to nearly all metal 
dithiocarbamates'*^. 
The DSC curves of the metal complexes exhibit a sharp 
endotherm at about 124 °C while the broad endothermic hump 
obtained between 200-250 °C is due to pyrolysis of the piperazine 
moiety implying that both processes involve absorption of heat. The 
last process of formation of metal sulfide is exothermic in nature and 
on further increasing the temperature, a straight line is obtained in all 
the DSC curves implying no further change. 
E. Antifungal Activity 
The antifungal study was conducted against Fiisarium sp. and 
Sclerotina sp. using agar well diffusion method. Table 5.5 represents 
the results of antifungal activity of metal complexes, M(acpdtc)2, at 
different loadmg volume. The bidentate ligand K(acpdtc), did not show 
any activity (Fig.5.3) while all the metal complexes show strong 
antifungal activity at higher loading (200 |il and 300 jil) of test solution. 
The zone of inhibition (37mm) was maximum in case of nickel 
complex (Fig.5.4) at 300 ml of loading. The antifungal activity of 
metal dithiocarbamates may be attributed to their ability to chelate with 
metal ions. When these metal complexes penetrates lipid barriers in the 
fungal cell and may be ultimate toxicant or alternatively it may be 
converted into free dithiocarbamate ions, which complexing with metal 
trace metals and thus depriving the cell of the needed metal ion, and 
therefore causes death of fungal cell. 
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Fig.5.1: Synthesis of the ligand K(acpdtc) 
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Fig. 5.2: Synthesis of the complexes, M(acpdtc)2 where M = Mn(II), 
Fe(II), Co(II), Ni(II) and Cu(II). 
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Fig.5.3: Fungicidal behavior of bidentate ligand, K(acpdtc) on Fusarium sp. 
Fig.5.4: Fungicidal behavior of Ni(acpdtc)2 on Fusarium sp. & Sclerotina sp 
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Table 5.2: Diagnostic IR bands of the ligand, its mononuclear and 
trinuclear complexes. 
Complex 
K(acpdtc) 
Mn(acpdtc)2 
Fe(acpdtc)2 
Co(acpdtc)2 
Ni(acpdtc)2 
Cu(acpdtc)2 
v(C=0) 
1631s 
1630 s 
1638 s 
1637 s 
1646 s 
1635 s 
v(C N) 
1454 s 
1480 s 
1482 s 
1484 s 
1481s 
1484 s 
v(C S) 
-
991s 
1004 
987 s 
984 s 
987 s 
Piperazine ring 
vibrations 
-
759 s 
763 s 
760 s 
760 s 
762 s 
v(M-S) 
-
500 w 
478 m 
524 w 
519w 
516w 
Table 5.3: Magnetic susceptibility, electronic spectra and ligand field 
parameters of the complexes. 
Complex 
Mn(acpdtc)2 
Fe(acpdtc)2 
Co(acpdtc)2 
Ni(acpdtc)2 
Cu(acpdtc)2 
Magnetic 
moment 
(B.M.) 
5.44 
5.38 
4.38 
Diamagnetic 
1.71 
Electronic 
bands 
(cm-') 
19230 
22800 
14500 
21470 
16503 
21990 
14614 
20410 
Loge 
(Imorcm') 
2.5 
3.3 
3.2 
4.1 
3.8 
2.9 
2.9 
4.2 
Possible 
assignments 
'T, - ^A, 
^E <- % 
' T 2 ( F ) ^ ' ' A 2 ( F ) 
' T I ( F ) ^ % ( F ) 
% ( F ) < ( - 3 T , ( F ) 
^T,(P) <- 3T,(F) 
Aig <-^^Big 
Eg*— Big 
10 Dq 
(cm-') 
-
-
-
-
-
B 
(cm-') 
-
-
-
-
-
P 
-
-
-
-
-
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.\ spcctiopholometric method has been developed for the determination of ziram I'esiduc-
in water and cereals. The method is based on the formation of a coloured complex ol Cu 11] 
with dimethyldithocarbamates. It follows Beer-Lambert's law at 430nm. 
Introduction 
A l i t e r a t u r e ' sLii've\' shows t h a t me ta l 
dithiocarbamate fungicide residues have been 
determined b>' C'ullen's method which is based on 
the spectrophotometric determination of carbon 
disulphide, the gas, evolved on the decomposition 
of'dithiocai'bamate. Carbon disulphide is collected 
and reacted to form the yellow cupric salt of N, 
N-bis(2-hydroxyethyl) dithiocarbamic acid. It is a 
sophisticated method as an intensive care is 
r equ i red for t he to t a l decompos i t ion of 
dithiocarbamate and then the conversion of carbon 
disulphide into the coloured product. 
Rao^ et al. have developed spectrophotometric 
determination of ziram and zineb in formulations, 
crops and synthetic mixtures. It is based on the 
formation of zinc-thiazotyIazo-2-naphthoI complex, 
which is insoluble water, but it is solublized by 
adding triton X-100, which acts as a solublizing and 
sensitizing agent. Rathore^ et al. have determined 
mancozeb in edible plants and vegetables by EDTA 
t i t r a t i o n . The m e t h o d is based on t h e 
complexometric titration of metal ion, which is left 
after decompos ing t h e o rgan ic p a r t of t he 
dithiocarbamate. Malik and Rao* have developed 
a s p e c t r o p h o t o m e t r i c m e t h o d for the 
determination of zinc (II) d i thiocarbamate by 
converting it into coloured Cu (II) dithiocarbamate 
complex. A s e n s i t i v e and accurn te 
spectrophotometric method is known", since loiiu. 
for the de te rmina t ion of cojiper (ID l)\ i;sin<u 
sodium diethyldi thiocarbamate as a colonriHL! 
reagent. This method has not been tried for the 
determination of dithiocarbamates b\ using Cu i II i 
as a colouring reagent. It may be due to th<' i;tct 
tha t at the t ime of de\'eJopnient of afoi-cs.iicl 
method the use of dithiocarbamates as fungicidi 
was either limited or unknown. 
As the problem of envii 'onmental ixdiution i> 
growing day by day due to pesticides, it beconio 
worthwhile to develop a simple and inexpensive 
method , such as spec t ropho tomet ry , for th(> 
routine analysis of di thiocarbamate fungicides 
residues in foodstuffs6. Therefore an attemiit lias 
been m a d e to explore t h e u t i l i ty of above-
mentioned method for the spectrophotomet ri( 
d e t e r m i n a t i o n of it in g r a i n s , w a t e r and 
formulations of ziram. The results obtained are 
discussed in this paper. 
Experimental 
Apparatus: A visible spectrophotometei- CL 24 
(Elico, India) was used. 
R e a g e n t : Sod ium d i e t h y l d i t h i o c a r b a m a t e 
(NaDDC), copper sulphate pentahydrate and n-
butyl acetate; zinc dimethyldithiocarbamate i ziram 
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fo rmula t ion) ; mancozeb (WP); a n d carbon 
disulphide (CS^) were LR grade chemicals from 
CDH /GSC/MIL /SDFC. All other reagents were 
used of analytical grade. Ziram synthesized in our 
laboratory was used as a standard material. 
Preparation of solut ions: Solutions of NaDDC 
(0.01%), copper sulphate pentahydrate (0,20%), 
citric acid (25%), dimethylamine (25-30% w/v), 
sodium hydroxide (80%), zinc sulphate (0.10 N) and 
disodium salt of ethylenediamine tetraacetic acid 
(EDTA) (4.0%) were prepared in distilled water 
(DW). Suspens ions of z i r am (1.0%), z i ram 
formulation (1.0%) and mancozeb (1.0%) were 
prepared in DW. 
Synthesis of ziram: Dimethylamine (18 ml of 25 
- 30 % w/v) was taken in a conical flask, cooled in 
an ice bath at 3 - 5°C and sodium hydroxide 
solution (5 ml of 80%) was added to it with 
constant stirring. CS,^  (6 ml) was added drop wise 
to this mixture making sure that no fumes escape 
from flask. The reaction mixture was stirred for 
4h at 10''C and kept overnight in a refrigerator. 
The needle shaped crystals separated out. The 
crystals were dissolved in distilled water and then 
zinc sulphate (100 ml of 0.10 N) was added into it 
with constant stirring for 2h. The microcrystalline 
solid so obtained was filtered, washed with DW (2 
X 20 ml), dried at room temperature (SO^C) and 
desiccated on calcium oxide. The purity of the 
product was tested by measuring melting point 
(246°C) and by TLC analysis in chloroform and 
carbon disulphide. 
Development of colour : Aqueous solutions of 
copper sulphate pentahydrate (10 ml of 0.20%) and 
citric acid (5 ml of 25%) were taken in a conical 
flask. The mixture was rendered sHghtly alkaline 
wi th d i lu te a m m o n i a so lu t ion . The excess 
ammonia was boiled off and then EDTA (15 ml of 
4.0%) was added into it. The reaction mixture was 
cooled to room t e m p e r a t u r e (25±1°C) and 
transferred into a separatory funnel. A known 
volume of NaDDC solution or ziram suspension 
was added into it. The mixture was shaken for 
45 sec and the yellow product was extracted in 10 
ml of n-butyl acetate. 
The absorpt ion spectra: The absorbance of 
above yellow extract was recorded at different 
wave l eng ths us ing t h e r e a g e n t b lank . The 
absorbance was found to be maximum at 430nm 
for solution of NaDDC and suspension of Ziram. 
Effect of time: The yellow extract was placed at 
room temperature (25±1"C) and the absorbance 
was recorded with different periods of time against 
the reagent blank. The absorbance was found to 
be constant for 75 min. 
Effect of t emperature: The reaction mixture 
was kept at CC, 5°C, 35'>C and 45°C for lOmin. 
The colored product was extracted in n-butyl 
aceta te at room t e m p e r a t u r e (25±1"C). The 
absorbance was recorded at A^ ._^  (430nm) against 
the reagent blank. It was observed tha t the 
absorbance increases gradually from 0 - 25"C and 
above 25''C it decreases slowly. 
Calibration Curve: Cahbration curve was made 
by taking the solutions of different concentration 
in different conical flasks. The reagents were 
added into it and the colour was developed by 
us ing the above men t ioned procedure . The 
absorbance of the yellow extract was recorded 
against the reagent blank at 430nm.The Beer -
Lambert's law is followed from 1 to 10|ag m l ' and 
5 to 40 | igml ' for NaDDC and ziram, respectively. 
Effect of foreign substances: The effect of the 
foreign substances on the absorbance was studied 
by adding the following in the reaction mixture. 
The limit of tolerance of the substances is given 
in the pa ren thes i s : aqueous solution of zinc 
sulphate (0.05-0.5mg), manganese sulphate (0.1-1.0 
mg), ferrous sulphate (0.05-0.5 mg), ferric chloride 
(0.05-0.5mg), nickel chloride (0.05-0.5 mg) and lead 
sulphate (0.05-0.5 |ig) and aqueous suspension of 
mancozeb (0.1-1.0 mg), benzene hexachloride 
(BHC) (0.1-1.0 mg) and malathion (0.1-1.0 mg). 
The colour was developed, extracted and the 
absorbance was recorded at 430nm. 
D e t e r m i n a t i o n of z i r a m r e s i d u e s in t a p 
water: Ziram (5-20 ng m l ' ) was extracted from 
dosed tap water (100 ml) with 5 ml of chloroform. 
The chloroform was removed and the residue was 
treated with the reagent to develop the colour. 
The colour was extracted and the absorbance was 
recorded. The s a m p l e s of w a t e r were also 
extracted with 2 X 5 ml of chloroform and 3 X 5 
ml of chloroform in order to improve the recovery 
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and the above procedure was applied. The 
percentage of recovery from dosed water samples 
was found to be 80 to 95%. A slight increase in 
percentage of recovery was found when the coloiu-
was extracted with 2 x 5 ml or 3 x 5 ml of 
chloroform. 
Determination of ziram residues in grains: 
The suspension of ziram (5 - 20 \ig ml"') in DW 
was dosed in wheat (5 gm), arhar pulse (5 gm) and 
groundnut seeds (5 gm). The dosed grains samples 
were kept at room temperatiire (25''C) for 24h and 
ziram residues were extracted with 5 ml of 
chloroform. The solvent was removed and the 
residue was treated with the reagent in order to 
develop the colour. The colour was extracted with 
n-butyl acetate and the absorbance was recorded 
at 430 nm. The percentage of recovery from dosed 
wheat, pulse and groundnut seeds ranges from 61 
to 100%, 50 to 80% and 25 to 40% respectively. 
D e t e r m i n a t i o n of z i r a m r e s i d u e s in 
f o r m u l a t i o n s : Ziram (5-40 [ig m l ' ) was 
determined in aqueous suspension of ziram 
formulation by using the aforesaid 
spectrophotometric procedure. The results 
obtained are given in Table 1. 
Table 1 : Determination of ziram residues in 
formulation 
Amount 
taken 
figml' 
5 
10 
15 
20 
25 
30 
35 
40 
Amount 
found 
Hgml» 
5.0 
10.0 
13.0 
19.0 
22.0 
28.5 
34.5 
39.5 
Recovery 
% 
100 
100 
87 
95 
88 
95 
98 
98 
Result and Discussion: The colour reaction was 
studied at 0"C, 15°C, 25»C, 35°C and 45°C. The 
reaction was found to be more sensitive at 25°C. 
It was observed that the aqueous solution of 
sodium diethyldithiocarbamate reacts to give 
coloured product immediately while suspension of 
ziram requires a through mixing of the reaction 
mixture at least for 1 min. to produce the colour. 
The common substances such as zinc sulphate, 
magnese sulphate, ferrous sulphate, ferric 
chloride, nickel chloride, lead sulphate, mancozeb, 
BHC and malathion do not interfere in this 
method. The method has appreciable limit of 
tolerance for chloropesticide such as BHC (0.1-1.0 
mg), phosphorous pesticide such as malathion (0.1-
1.0 m i^ and sulphur pesticide such as mancozeb 
(0.1-1.0 mg). It is clear that the method can be 
successfully applied for the determination of ziram 
in the presence of above mentioned substances. 
The method is equally good for the determination 
of ziram residues in cereals, water and 
formulations. 
The analytical parameters (NaDDC and ziram) of 
the method under study have been found to be (i) 
range of calibration curve(l-10 |xg ml' , 5-40 |ig ml" 
'), (ii) X"""(430nm, 430nm), (iii) molar absorptivity 
(0.31 X 10* I mol'cm', 1.44 X 10^ | mol'cm'), 
(iv) Sandell's sensitivity (2.0 \ig cm"^ , 0.5 \ig cm"^ ), 
(v) standard deviation (4.58 X lO'^ , 10.83 X 10"^ ), 
(vi) coefficient of variance (5.36, 2.55), (vii) average 
deviation (0.0004, 2.46 ) and (viii) percentage error 
(7.03, 5.08 ). Hence it is clear that the present 
method is highly sensitive for the determination 
of NaDDC.The nature of colour developed (?i^ ^^  = 
430nm) is similar to that of CuUen's' (A. = 
max 
430nm) and Malik's* method {X^^ = 430nm) as 
the coloured product is copper (II) dithiocarbamate 
in all three cases. The molar absorptivity as well 
as Sandell's sensitivity of the method is lower 
than that of Rao's^ method (7.52 x 10" Imol'cm', 
0.0040 H-g cm"^ ) while the standard deviation (3.5 
X 10'*) is comparable. Hence it is clear that the 
proposed method is simple and fairly sensitive for 
the determination of ziram residues. However the 
method under study is an inexpensive method as 
the cost of reagents (distilled water, n-butyl 
acetate, copper sulphate etc.) and glass apparatus 
as well as cost of maintaining the working 
temperature (room temperature, 25±1°C) is lower 
than that of reagents (DMSO, Triton-X, TAN) and 
glass apparatus (Decomposition-absorption 
apparatus) as well as working temperature (for 
evolution of CS^ and melting of naphthalene used 
in the reported methods'"^" '^*. 
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Chromatographic Behavior of Dithiocarbamate Fungicides 
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Summary 
The chromatographic behavior of the dithiocarbamate fungicides 
mancozeb, NaDDC, propineb, ziram, and zineb has been studied on 
TLC plates coated with cellulose or with cellulose impregnated with 
heavy metal salts. The mobile phases used were prepared from dis-
tilled water, n-butyl acetate, isopropanol, and sodium lauryl sulfate. 
High Rf values (0.97) were obtained when aqueous mobile phases 
were used whereas use of organic mobile phases led to low R^ values. 
Important separations achieved included zineb from mancozeb, 
NaDDC from propineb, ziram from zineb, and ziram from zineb. 
1 Introduction 
In third-world countries fimgicides are used for crop protection 
and to protect foodstuffs during storage [1]. Dithiocarbamate 
fijngicides are used in large quantities to protect tomatoes, pota-
toes, brinjals, maize, and wheat in the Aligarh district of Uttar 
Pradesh, India. Because dithiocarbamates form a wide variety of 
complexes with divalent and polyvalent metal ions [2-^], in con-
tinuation of our previous work [5-8] the thin-layer chromato-
graphic behavior of some dithiocarbamate fimgicides has been 
studied on cellulose and on cellulose impregnated with heavy 
metal salts. TTie results obtained are described in this paper. 
2 Experimental 
2.1 Reagents and Chemicals 
Copper sulfate pentahydrate, cadmium nitrate tetrahydrate, mer-
curic nitrate monohydrate, and NaDDC were obtained from 
CDH, New Delhi, India; nickel chloride hexahydrate was from 
E. Merck, Mumbai, India; ferric chloride and lead nitrate were 
from Qualigens, Mumbai, India; microcrystalline cellulose and 
mancozeb (75%) were from Modem Insecticides, India; 
H.S. Rathore and C. Varehney, Department of Applied Chemistry. Z.H. College of 
Engineering and Technology, Aligarh Muslim University, Aligarh-202002. India. 
E-mail; hsrathore2003@yahoomail.com 
propineb (70%) was from Bayer Chemicals, India; zineb (75%) 
was from Indofils Chemicals, India; and ziram was from GSC, 
India. Except where indicated chemicals and reagents were of 
AR or LR grade. 
Metal sah solutions (1 M) were prepared in distilled water. 
Fungicides (1 g) were dissolved in 100 mL NaOH to prepare 
0.1 M solutions. 
2.2 Composition of Tap Water 
Tap water (obtained from a deep well) contained 91 ppm total 
alkalinity as CaCOj, 203 ppm total hardness as CaCO,, 13-14 
ppm chloride, 14-18.5 ppm sulfate, 0.99-1.0 ppm fluoride, 
2.1-2.5 ppm nitrate-nitrogen, 1.25-1.50 ppm cadmium, 
4.5-5.0 ppm copper, 2.0-2.5 ppm chromium, 15-16 ppm 
manganese, 8.5-10 ppm nickel, 0.70-0.80 ppm lead, and 
132-139 ppm zinc. The electrical conductivity was 
132.25-134.56 nohm L' 'and the pH was 8. 
2.3 Preparation of TLC plates 
A slurry was prepared from microcrystalline cellulose (15 g) 
and distilled water (90 mL) and a layer was applied to 20 cm x 
4 cm glass plates. The plates were left to dry, first at room tem-
perature then in a temperature-controlled electric oven (Tempo, 
India) at 110°C for 1 h. Activated TLC plates were stored in a 
desiccator at room temperature. Plates were also coated with 
cellulose impregnated with metal salt solutions, with cereal 
flour, and with mixtures of cellulose and cereal flour. The thick-
ness of the adsorbent layer was 0.5 mm. 
2.4 Chromatography 
Fungicide test solutions (0.001 mL) were spotted at the middle 
of the lower edge of TLC plates with a calibrated micropipet 
(Gilson, France). The spots were dried at room temperature and 
plates were developed to a distance of 10 cm from the point of 
sample application, in a closed 25 cm x 5 cm glass jar. After 
development the plates were dried to remove the solvent and the 
analyte on the plate was visualized by impregnation with iodine 
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Table 1 
Rf values or migration values (WL-RT) O1 dithiocarbamate fungicides on cellulose plates impregnated witti metal ion solutions. 
Ziram Zineb NaDDC Propineb 
Distilled water (development time 35 min) 
C 0.92 0.85 
C + I 0.00 0.00 
C + II 0.00 0.00 
C + III 0.00 0.00 
C + IV 0.00 0.00 
C + V 0.00 0.00 
C + VI 0.00 0.00 
Tap water (development time 45 min) 
C 0.85 0.97 
C + I 0.00 0.00 
C + II 0.00 0.00 
C + HI 0.00 0.00 
C + IV 0.00 0.00 
C + V 0.00 0.00 
C + VI 0.00 0.00 
Ammonium buffer (development time 40 min) 
C 0.00-5.80^' 0.00 
C + I 0.00 0.00 
C + II 0.00 0.00 
C + III 0.00 0.00 
C + IV 0.00 0.00 
C + V 0.00 0.00 
C + VI 0.00 0.00 
EDTA (development time 45 min) 
C 0.00-8.30 0.79 
C + I 0.00 0.35 
C + 11 0.00 0.21 
C + 111 0.00 0.19 
C + IV 0.00 0.20 
C + V 0.00 0.16 
C + VI 0.00-2.80 0.00 
Sodium lauryl sulfate (development time 75 min) 
C 0.89 0.87 
C + I 0.00-6.50 0.00-5.20 
C + II 0.00-5.30 0.00-3.20 
C + III 0.00-4.30 0.00-2.60 
C + IV 0.00-4.40 0.00-1.60 
C + V 0.00-5.1 0.00-2.00 
C + VI 0.00-0.90 0.00-1.70 
Carbon tetrachloride (development lime 10 min) 
C 0.00 0.00 
C + 1 0.00-10.00 0.00-0.80 
C + 11 0.00 0.00 
Mancozeb 
0.83 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.78 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00-
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00-
0.00 
0.00 
0.00 
0.00 
0.00 
0.00-
0.87 
8.00 
9.10 
3.20 
0.00-4.90 
0.00^.30 
0.00-
0.00-
0.00-
0.00-
0.00 
6.30-
0.00 
3.90 
3.60 
5.60 
1.10 
8.90 
0.94 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.96 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.92 
0.47 
0.33 
0.23 
0.32 
0.21 
0.00-
0.86 
2.40 
0.00^.10 
0.00-
0.00-
0.00-
0.00-
0,00-
0.00 
0.00-
2.90 
2.10 
3.20 
2.80 
1.60 
3.20 
0.00-0.60 
0.96 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.91 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.87 
0.36 
0.29 
0.30 
0.16 
0.00 
0.00 
0.84 
0.00-3.10 
0.00-2.60 
0.00-1.80 
0.00-1.50 
0.00 
0.00 
0.00 
0.00 
0.00 
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Table 1 (cont.) 
Rf values or migration values (/7,.-flV) of dithiocarbamate fungicides on cellulose plates impregnated with metal ion solutions. 
Ziram Zineb NaDDC Propineb 
C + 111 
C + IV 
C + V 
C + VI 
0.00-6.10 
0.00-7.20 
0.00-3.50 
0.00-5.50 
Benzene (development time 10 min) 
C 0.00 
C + I 0.94 
C + II 0.00-8.90 
C + III 0.00-7.10 
C + IV 0.84 
C + V 0.00-6.30 
C + VI 0.97 
Chloroform (development time 10 min) 
C 0.00 
C + I 0.00-10.00 
C + II 0.00-2.10 
C + III 0.00-4.30 
C + IV 0.00-3.80 
C + V 0.00-5.60 
C + VI 0.41 
n-Butyl acetate (development time 15 min) 
C 0.00 
C + 1 0.65 
C + 11 0.00-7.80 
C + III 0.00-9.50 
C + IV 0.00-4.80 
C + V 0.00-4.80 
C + VI 0.00-7.00 
Isopropanol (development time SO min) 
C 0.00 
C + I 0.00-10.00 
C + II 0.00-7.60 
C + III 0.00-4.40 
C + IV 0.00-9.20 
C + V 0.00-8.10 
C + VI 0.00-10.00 
0.00-5.10 
0.00-3.80 
0.00-4.80 
0.00 
0.00 
0.00 
0.00 
0.00^.90 
0.00-2.60 
0.00-3.10 
0.00-1.10 
0.00 
O.OO-I.IO 
0.00-5.20 
0.00-3.60 
0.00 
0.00-4.20 
0.00-1.80 
0.00 
0.00-0.40 
0.00-2.50 
0.00-1.30 
0.00-2.40 
0.00-2.10 
0.00-2.10 
0.00 
0.00-3.60 
0.00-8.20 
0.54 
0.00-7.60 
0.00-5.60 
0.00-3.40 
0.00-7.30 
0.00^.20 
0.00-6.20 
O.OO-IO.OO 
0.00 
O.OO-IO.OO 
0.00-7.10 
0.00-8.60 
0.00-7.20 
0.00-8.90 
0.00-9.50 
0.00 
0.00-6.50 
0.00-3.20 
0.00-4.90 
0.00^.60 
0.00-5.80 
0.00-5.30 
0.00 
0.95 
0.00-10.00 
0.00-9.00 
0.00-7.90 
0.00-8.80 
0.00-9.20 
0.00 
O.OO-IO.OO 
0.00-7.90 
0.60 
0.00-8.40 
0.00-6.40 
0.00-10.00 
0.00-3.40 
0.00-2.90 
0.00-3.20 
0.00 
0.00 
0.00-1.50 
0.00^.60 
0.00-3.80 
0.00-3.20 
0.00-4.10 
0.00-2.10 
0.00 
0.00-3.30 
0.00-9.60 
0.00-2.50 
0.00-4.30 
0.00-4.60 
0.00-4.60 
0.00 
0.00-3.80 
0.00-5.50 
0.00 
0.00-1.50 
0.00-2.80 
0.00-3.30 
0.00 
0.00-8.30 
0.00-8.00 
0.00-4.90 
0.00-5.10 
0.00-4.90 
0.00-4.20 
Mancozeb 
0.00-2.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00-1.90 
0.00-2.60 
0.00-2.20 
0.00-1.90 
0.00-4.30 
0.00 
0.00 
0.00-3.30 
0.00-2.10 
0.00 
0.00 
0.00-^ 3.10 
0.00 
0.00-0.80 
0.00-4.60 
0.00 
0.00-1.10 
0.00 
0.00-1.30 
0.00 
0.00-2.20 
0.00-7.40 
0.00-3.10 
0.00-1.70 
0.00-3.30 
0.00-4.80 
Abbreviations: C, cellulose; I, CuS04.H,0; II, NiCU6H,0; III, Cd(N05),4H,0; 
" These ranges show the distances [cm] from the origin to the rear and front of a 
IV, FeCl3;V, HgiNOj), 
tailing pot. 
H,0; VI, PbNO; 
vapor in a closed glass jar. For compact spots R^ values were cal-
culated conventionally, by use of the expression: 
R,^ distance traveled by the solute 
distance traveled by the solvent 
For tailing spots the distances [cm] from the origin to the front 
and rear of the spots were measured. 
3 Results and Discussion 
3.1 Mobility on Cellulose and on Impregnated Cellulose 
The results recorded in Table 1 reveal the following trends of 
mobility in different mobile phases. 
Journal of Planar Chromatograptty 20 (2007) 4 289 
Chromatography of Dithiocarbamate Fungicides on Cellulose Plates 
Table 2 
Rf values or migration values (R^-Rj) of different amounts of dithiocarbamate fungicides on Impregnated cellulose plates with n-butyl acetate as 
mobile phase. 
0.001 mL 
C 
C + I 
C + II 
C + III 
C + IV 
C + V 
C + VI 
0.002 mL 
c 
C + I 
C + II 
C + III 
C + IV 
C + V 
C + VI 
0.004 ml 
c 
C + I 
C + II 
C + III 
C + IV 
C + V 
C + VI 
0.006 mL 
c 
C + I 
C + II 
C + III 
C + IV 
C + V 
C + VI 
0.008 mL 
c 
C + I 
C + 11 
C + III 
C + IV 
C + V 
C + VI 
0.010 mL 
c 
C + I 
C + II 
C + III 
C + IV 
C + V 
C + VI 
Ziram 
0.00 
0.65 
0.00-7.80 
0.00-9.50 
0.00 
0.00 
0.00-7.00 
0.00 
6.20-10.00 
0.00-8.10 
0.00-9.30 
0.00 
0.00 
0.00-7.30 
0.00 
0.00-8.50 
0.00-8.30 
0.00-8.50 
0.00 
0.00 
0.00-7.90 
0.00 
0.00-9,00 
0.00-10.00 
0.00-5.50 
0.00 
0.00-0.80 
0.00-10.00 
0.00 
0.00-10.00 
0.00-10.00 
0.00-6.40 
0.00-0.80 
0.00-1.10 
0.00-10.00 
0.00 
0.00-10.00 
0.00-10.00 
0.00-8.40 
0.00-1.40 
0.00-1.50 
0.00-10.00 
Zineb 
0.00 
0.00-0.40" 
0.00-2.50 
0.00-1.30 
0.00 
0.00 
0.00-2.10 
0.00 
0.00-0.70 
0.00-2.80 
0.00-2.50 
0.00 
0.00 
0.00-2.30 
0.00 
0.00-0.80 
0.00^.90 
0.00-3.10 
0.00 
0.00 
0.00-7.80 
0.00 
0.00 
0.00-6.40 
0.00^.50 
0.00 
0.00 
0.00-8.40 
0.00 
0.00 
0.00-7.20 
0.00-4.70 
0.00 
0.00 
0.00-10.00 
0.00 
0.00 
0.00-9.40 
0.00-5.10 
0.00 
0.00 
0.00-10.00 
NaDDC 
0.00 
0.95 
0.00-10.00 
0.00-9.00 
0.00 
0.00 
0.00-9.20 
0.00 
0.97 
0.00-10.00 
0.00-9.20 
0.00 
0.00 
0.00-9.50 
0.00 
8.00-9.30 
0.00-10.00 
0.00-9.50 
0.00-1.60 
0.00 
0.00-9.40 
0.00 
6.80-9.40 
O.OO-IO.OO 
0.00-9.30 
0.00-2.30 
0.00-0.20 
0.00-10.00 
0.00 
4.50-9.80 
0.00-10.00 
0.00-9.50 
0.00-2.50 
0.00-0.30 
0.00-10.00 
0.00 
1.80-9.90 
0.00-10.00 
0.00-9.60 
0.00-3.10 
0.00-0.30 
O.OO-IO.OO 
Propineb 
0.00 
0.00-3.80 
0.00-5.50 
0.00 
0.00 
0.00 
0.00-3.30 
0.00 
0.00-4.40 
0.00-6.70 
0.00 
0.00 
0.00 
0.00-3.80 
0.00 
0.00-3.50 
0.00-7.10 
0.00 
0.00-1.30 
0.00 
0.00-640 
0.00 
0.00-3.00 
0.00-8.60 
0.00 
0.00-1.50 
0.00 
0.00-7.20 
0.00 
0.00-2.60 
1.30-7.50 
0.00 
0.00-1.80 
0.00 
0.00-7.60 
0.00 
0.00 
0.00-7.70 
0.00 
0.00-3.10 
0.00 
0.00-8.10 
Mancozeb 
0.00 
0.0O-0.80 
0.00-4.60 
0,00 
0.00 
0.00 
0.00-1.30 
0.00 
0.00-1.10 
0.00-3.10 
0,00 
0,00 
0,00 
0,00-1.60 
0.00 
0.00-0.90 
0.00-2.70 
0.00 
0.00 
0.00 
0.00-2.40 
0.00 
0.00-0.50 
0.00-2.90 
0.00 
0.00-1.10 
0.00 
0.00-3.00 
0.00 
0.00 
0.00-3.00 
0.00 
0.00-1.70 
0.00 
0.00-4.20 
0.00 
0.00 
0.00-3.00 
0.00 
0.00-2.00 
0.00 
0.00-5.10 
Abbreviations: C, cellulose; 1, CuSO,.H,0; II, NiCl,.6H,0; III, Cd(NO,)34H,0; IV, FeCl,; V, HgCNOjj^.Hp; VI, PbNO, 
•' These ranges show the distances [cm] from the origin to the rear and front of a tailing pot. 
2 9 0 Journal of Planar Chromatography 20 (2007) 4 
Chromatography of Djthiocarbamate Fungicides on Cellulose Plates 
Table 3 
Rf values or migration values {R^-Ry) of dithiocarbamate fungicides on cellulose-cereal flour, 9:1 
Ziram Zineb NaDDC Propineb Mancozeb 
Distilled water (development time 35 min) 
C~W 0.83 
C-P 0.00-6.40 
C-M 0.86 
C-G 0.00-8.10 
Tap water (development time 45 min) 
C-W 0.84 
C-P 0.82 
C-M 0.81 
C-G 0.00-8.20 
EDTA (development time 45 min) 
C-W 0.0O-7.50 
C-P 0.78 
C-M 0.82 
C-G 0.00-2.90 
n-Butyl acetate (development time 15 min) 
C-W 0.97 
C-P 0.00 
C-M 0.00 
C-G 0.00 
0.84 
0.78 
0.80 
0.82 
0.82 
0.87 
0.86 
0.83 
0.68 
0.64 
0.69 
0.73 
0.00-4.8 
0.00-5.90 
0.00-5.80 
0.00-6.90 
liliet flour; 
0.00-
0.00-
0.00-
0.84 
0.86 
0.89 
0.87 
0.82 
0.75 
0.71 
0.70 
•8.90'" 
8.30 
8.50 
0.00-5.50 
0.00 
0.00 
0.00 
0.00- 10.00 
M, maize flour; G, gram flour 
n to the rear and front of a tailing pot. 
0.81 
0.81 
0.84 
0.56 
0.81 
0.87 
0.89 
0.51 
0.89 
0.95 
0.83 
0.85 
0.00 
0.00-9.10 
0.00-8.20 
0.00-6.60 
0.83 
0.78 
0.80 
0.80 
0.82 
0.84 
0.93 
0.82 
0.72 
0.69 
0.81 
0.74 
0.00 
0 .00^.20 
0.0O-7.10 
0.00-3.60 
3.1.1 Water and Aqueous Solutions 
All five dithiocarbamate fungicides moved as compact spots {R^ 
0.79-0.97) when distilled water (DW), tap water, pH 10 ammo-
nium buffer, and aqueous solutions of EDTA or sodium lauryl 
sulfate were used as mobile phases. It is, therefore, clear that 
residues of these fungicides can be removed by washing cellu-
lose products with these liquids. The mobility of the five fungi-
cides was different on cellulose impregnated with solutions of 
copper(II), nickel(II), cadmium(II), iron(III), mercury(II), and 
lead(II) salts - the mobility was zero {R^ 0.00) when DW, tap 
water, and ammonium buffer were used as mobile phases but 
their mobility was substantial when solutions of EDTA or sodi-
um lauryl sulfate are used. The fungicides moved as compact 
spots (R^ 0.16-0.32) when EDTA solution was used but tailed 
when sodium lauryl sulfate solution was used. The tendency of 
the dithiocarbamates to form complexes with metal ions 
explains this behavior. It seems that these complexes are insolu-
ble in water but slightly soluble in EDTA and sodium lauryl sul-
fate solutions. These observations are in agreement with the 
observation that the sodium salts of dithiocarbamates are water-
soluble whereas their salts with bivalent or polyvalent metal 
ions are insoluble in water. It can therefore be concluded that if 
cereals, fruit, or vegetables are contaminated with metal salts, 
removal of dithiocarbamates by washing with water or aqueous 
solution is tedious, because of the formation of insoluble com-
plexes. 
3.1.2 Organic Solvents 
The mobility of dithiocarbamates on cellulose was zero for all 
five organic mobile phases investigated, because the sodium 
salts of dithiocarbamates are insoluble in organic solvents. It is 
also clear that the mobility of mancozeb is minimal compared 
with that of the other dithiocarbamates. Use of mobile phases of 
different dielectric constant (e = 2.2-18.5) resulted in no 
appreciable change in mobility. 
3.2 Effect of the Amount of Fungicide on Mobility 
Table 2 shows that the smallest amounts (10 |ug spot ') of the 
fungicides moved as compact spots. Tailing started when the 
amounts were increased (>40 \xg spot')- It is also clear that 
detection of the dithiocarbamates with iodine failed for the 
smallest amounts (10 ng spot*') on cellulose impregnated with 
iron(III) and mercury(II) salts. This may be because of the 
strong complexation of dithiocarbamates with iron(IIl) and mer-
cury(II) compared with other metal ions under study. 
3.3 Mobility on Cereal Flour and its Mixtures with Cellulose 
Development of flour TLC plates was difficult because none of 
the mobile phases ascended the layer. Plates were therefore coat-
ed with mixtures of different ratios of cellulose and flour. Cellu-
lose-flour 9:1 was found to be suitable for chromatographic 
Chromatography of Dithiocarbamate Fungicides on Cellulose Plates 
Table 4 
Separations achieved." 
Cellulose-distilled water 
Zineb (0.87) from mancozeb (0.00) 
Zineb (0.89) from propineb (0.00) 
Cellulose-tap water 
NaDDC (0.78) from zineb (0.97) 
Ziram (0.85) from propineb (0.96) 
Cellulose impregnated with CuSOj.H^O-n-bulyl acetate 
NaDDC (7.10-9.20) from zineb (0.00) 
NaDDC (6.90-9.50) from mancozeb (0.00) 
NaDDC (4.80-9.60) from propineb (0.00) 
NaDDC (7.40-9.20) from ziram (0.00) 
Ziram (6.80-9.80) from zineb (0.00) 
Ziram (6.90-9.80) from mancozeb (0.00) 
Ziram (6.80-9.80) from propineb (0.00) 
Cellulose impregnated with NiCU 6H,0-n-but\'l acetate 
Ziram (0.98) from zineb (0.00) 
Ziram (0.98) from propineb (0.00) 
Ziram (0.50) from propineb (0.00) 
Cellulose impregnated with FeCl -n-butyl acetate 
Ziram (0.50) from zineb (0.00) 
Ziram (0.50) fi-om propineb (0.00) 
Ziram (0.50) from mancozeb (0.00) 
"' The ranges show the distances [cm] from the origin to the rear and 
front of a tailing spot. Other values are Rf values. 
Studies. The results recorded in Table 3 show that the dithiocar-
bamates moved as compact spots when DW, tap water, and 
aqueous solutions of EDTA were used as mobile phases where-
as they tailed if organic solvents were used. The mobility of all 
the dithiocarbamates on cellulose-flour plates was similar to 
that on cellulose plates. It seems, therefore, that cereal flour is 
inert to dithiocarbamates. 
3.4 Separation Achieved 
Table 1 shows that several separations are possible on cellulose 
TLC plates developed with aqueous mobile phases. The separa-
tions achieved practically are summarized in Table 4. 
4 Conclusion 
This thin-layer chromatographic study has shown that dithiocar-
bamate fungicides can be removed from cellulose and cereals by 
washing with water. Plates coated with cellulose and with cellu-
lose impregnated with metal salts can be used for separation of 
the fiingicides. 
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FUNGICroAL AND BACTERICmAL ACTIVITY OF METAL DIETHYL-
DITfflOCARBAMATE FUNGICIDES 
Synthesis and characterization 
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Copper diethyldithiocarbamate, cadmium diethyldithiocarbamate, lead diethyldithiocarbamate, nickel diethyldithiocarbaraate and 
zinc diethyldithiocarbamate have been synthesized. They have been characterized using TG, DTA, fR spectroscopy. X-ray and 
atomic absorption spectrophotometry. TTie thermal conversion of the compounds is 54.36-88% at 1000°C. Their solubility in so-
dium hydroxide, mineral acids, organic solvents, distilled water and salts solution has been measured. Fungicidal activity of the 
dithiocarbamates has been tested by well or cup diffusion method using five fimgi species. Their activity has also been tested by 
broth dilution method using six bacterial species. Minimum Inhibitory Concentration (bactericidal) is 6.25-25.00 ng mL"'. 
Keywords: diethyldithiocarbamate, DTA, fungicide, IR, synthesis, TG. X-ray diffraction 
Introduction 
The plant protection has become necessary in order to 
increase the food production. Many organometaliic 
compounds may have important biological activities. 
This work is continuation of our previous research on 
organometaliic compounds including their thermal, 
spectral, structiu-al and biological activities [1-14]. 
Among the commercially available current fungi-
cides, the group of dithiocarbamate is of special inter-
est. Zinc dithiocarbamate (zineb, ziram), manganese 
dithiocarbamate (maneb), iron dithiocarbamate (fer-
bam) are well known fungicides [15] which are used 
as protective flingicides [16] in grapes, cauliflower, 
potatoes, chillies, apples, groundnut, paddy etc. for 
the last many years. Their effectiveness has somewhat 
reduced and their large doses are required for fungal 
control. Thus there is a growing interest in synthesiz-
ing new dithiocarbamates, which can be applied at 
low concentration to control the fungal growth. 
Therefore, now some new dithiocarbamate such 
as diethyldithiocarbamate of copper, cadmium, lead 
and nickel have been synthesized and characterized. 
The already known fungicide zinc diethyldithio-
carbamate [17, 18] has now been prepared again and 
its properties have been included for the sake of 
comparison. 
Experimental 
Reagents and chemicals 
Agar-agar (Hi media Laboratories Ltd, India); sodium 
diethyldithiocarbamate trihydrate, lead nitrate and 
cadmium nitrate tetrahydrate (CDH, India); copper 
nitrate pentahydrate, zinc nitrate hexahydrate and 
nickel chloride hexahydrate (E. Merck, India); fimgi 
namely Aspergillus niger, Chrysosporium tropicum, 
Rhizoptts oryzae, Candida albicans. Sac charomyces 
cerevisiae, Biopolaris sorokinina, bacteria namely 
Bacillus subtilis. Staphylococcus aureus, Pseudomo-
nas aeruginosa, E. coli. Bacillus sphaericus, 
Chromobacterium violaceum (Institute of Microbial 
Technology, Chandigarh) were used. All other chemi-
cals and reagents used were of AR or LR grades. 
Preparation of solutions 
The solutions of cadmium nitrate (0.1 M), copper ni-
trate (0.1 M), nickel chloride (0.1 M), lead nitrate 
(0.1 M), zinc nitrate (0.1 M) and sodium diethyl-
dithiocarbamate (0.1 M) were prepared in distilled 
water. The readymade potato dextrose agar (PDA) 
medium (39 g) was suspended in distilled water 
(100 mL) and heated to boiling until it dissolved com-
pletely. The medium was autoclaved at 15 lb inch"" 
for 20 min. 
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Synthesis of metal dithiocarbamate 
Copper diethyldithiocarbamate 
Solution of sodium diethyldithiocarbamate (500 mL 
of 0.1 M) was added drop wise into a solution of cop-
per nitrate (250 mL of 0.1 M) with continuous stirring 
of 1 h. The precipitate thus formed was kept over-
night. The supernatant was removed by decantation, 
200 mL distilled water was added, shaken for 15 min. 
The precipitate was allowed to settle and the 
supernatant was decanted. The process was repeated 
two times and then the precipitate was filtered on 
Buckner funnel. The precipitate was washed again 
three times with distilled water; dried initially at room 
temperature (20°C) and then dried at 60±5°C till con-
stant mass. Finally the product was desiccated over 
calcium carbonate for a week. 
Lead diethyldithiocarbamate 
Solution of lead nitrate (250 mL of 0.1 M) was taken 
in place of solution of copper nitrate and copper 
diethyldithiocarbamate was followed. 
Cadmium diethyldithiocarbamate 
Solution of cadmium nitrate (250 mL of 0.1 M) was 
taken in place of solution of copper nitrate and copper 
diethyldithiocarbamate was followed. 
Nickel diethyldithiocarbamate 
Solution of nickel chloride (250 mL of 0.1 M) was 
taken in place of solution of copper nitrate and Cop-
per diethyldithiocarbamate was followed. 
Zinc diethyldithiocarbamate 
Solution of zinc nitrate (250 mL of 0.1 M) was taken 
in place of solution of copper nitrate and copper 
diethyldithiocarbamate was followed. 
Apparatus and instruments 
Atomic absorption spectrophotometer (GBC 902, 
Australia), Autoclave (Narang Company, India), Fou-
rier transformed IR spectrometer (NEXUS 670, 
Nicolet Incorporation, USA), magnetic stirrer 
(Sunvic, UK), melting point apparatus (Reichert 
thermovar, Austria), temperature controlled electric 
oven (Tempo, India), TG-DTA instrument (Mettler 
Toledo 851° Switzerland.), powder X-ray 
diffractometer (Bruker, Scotland) were used. 
Analysis of sample 
Solubility 
The powdered sample (10 mg) was shaken with 1 mL 
of solution/solvent in a test tube, the contents were 
placed at room temperature (22°C) for 24 h and then 
the changes in the appearance of dithiocarbamates 
were noted. 
Melting point 
The melting point was recorded by Reichert thermovar. 
Atomic absorption spectrophotometry 
The dried and powdered sample (100 mg) was dis-
solved in 10 mL of nitric acid (1.0 M) and then it was 
diluted with distilled water to obtain a solution of the 
required concentration. 
Infrared 
The infrared spectra were taken using KBr disc 
method in the range of 4000-500 cm"'. 
X-ray 
X-ray diffraction of powdered samples was recorded 
by powder X-ray diffractometer. 
TG-DTA 
The TG-DTA analysis of the samples was carried out at 
a constant heating rate up to 1000°C in air atmosphere. 
Fungal activity test 
The synthesized metal dithiocarbamates under study 
were tested for fungicidal activity by agar cup 
bioassay method [19] using five test organisms 
namely Aspergillus niger, Chrysosporium tropicum, 
Rhizopus oryzae, Candida albicans, Saccharomyces 
cerevisiae, as follows: 
• Cup diffusion method: Agar cup bioassay was em-
ployed for testing antifiingal activity. The potato 
dextrose agar (PDA) medium was poured into ster-
ile Petri dishes under aseptic conditions in a lami-
nar flow chamber when the medium in the plates 
solidified; 0.5 mL of (week old) culture of test or-
ganism was inoculated and uniformly spread over 
the agar surface with a sterile L-shaped rod. Solu-
tions were prepared by dissolving plant extract in 
acetone and different concentrations were made 
(50, 100 ng mL"'). After inoculation, cups were 
scooped out with 6 mm sterile cork borer and the 
lids of the dishes were replaced. To each cup differ-
ent concentration of test solutions 
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(50, 100 |ug mL"') were added. Controls were 
maintained with acetone and clotrimazole 
(100 |ig mL""'). The treated and the controls were 
kept at room temperature for 48 h. Inhibition zones 
were measured and diameter was calculated in mil-
limeter. Three to four replicates were maintained 
for each treatment. 
• Effect of dithiocarbamates fungicides on the spore 
germination: The fungicidal effect of synthesized 
metal dithiocarbamates was tested on spore germi-
nation oiBipolaris sorokinina. The test was based 
on the slide-germination technique [20] using a 
concentration 2000 ppm mL"' of dithiocarbamates 
under study. 
Bacterial activity test 
The synthesized metal dithiocarbamates were tested 
for bactericidal activity by broth dilution method [21] 
using six test organisms: Bacillus subtilis. Staphylo-
coccus aureus, Pseudomonas aeruginosa, E. coli. Ba-
cillus sphaericus, Chromobacterium violaceum. The 
broth dilution method is as follows: 
Broth dilution method 
The test was used to determine the minimal inhibitory 
concentration (MIC). Serial dilutions of a stock solu-
tion of compounds were incorporated into 0.5 mL of 
nutrient broth in glass tubes to get required concentra-
tion. All the tubes were inoculated with standardized 
inoculum of organism. Control was maintained with 
acetone in the last tube. The whole setup was incu-
bated at 25-30°C for 8 days. Examine tubes for visi-
ble signs of bacterial growth. The lightest dilution 
without growth is the minimal inhibitory concentra-
tion (MIC). 
Results and discussion 
Copper diethyldithiocarbamate 
Copper diethyldithiocarbamate under study is dark 
brown powdered substance. It is soluble in 1 M HCl, 
1 M HNO3, 1 M H2SO4 and benzene and insoluble in 
distilled water, deep well water, 1 M NaOH, 
1 M K2Cr207 (oxidizing agent) and 1 M ascorbic acid, 
1 M Na2S204 and 1 M hydroxyl amine (reducing 
agent). The results are recorded in Table 2. It melts at 
210°C (Table 3). IR spectrum shows the peak (cm"') 
at 1675.56W, 1506.00s, 1431.71sh, 1376.66sh, 
1351.59sh, 1299.59W, 1271.72s, 1205.00w, 
1I45.09W, 1098.25W, 1070.99w, 993.10m, 910.07w. 
X-ray diffraction data are reported in Table 5. DTA 
and TG curves show two peaks at 247 and 320°C and 
only one plateau corresponding to 73.63% conversion 
(241.48-349.72°C). The results are recorded in 
Table 6. It shows good fungicidal and bactericidal ac-
tivity as it inhibits the growth of both fungi and bacte-
ria (Tables 7-9). 
Lead diethyldithiocarbamate 
The lead diethyldithiocarbamate under study is off 
white powdered substance. It is soluble in 1 M HCl, 
1 M HNO3, 1 M H2SO4 and benzene and insoluble in 
distilled water, deep well water, 1 M NaOH, 
1 M KiCroOv (oxidizing agent) and 1 M ascorbic acid, 
1 M Na2S204 and 1 M hydroxyl amine (reducing 
agent). The results are recorded in Table 2. It melts at 
224''C (Table 3). IR spectrum shows the peak (cm') 
at 1483.07s, 1456.04w, 1417.57s, 1376.62w, 
1353.09W, 1298.86W, 1265.85s, 1204.07w, 
1137.14m, 1070.81sh, 980.85sh, 905.35w. The X-ray 
diffraction data are reported in Table 5. DTA and TG 
grams show only one peak at 345°C and only one pla-
teau corresponding to 52.78% conversion 
(241.48-349.72°C). The results are recorded in Ta-
ble 6. It shows good fungicidal and bactericidal activ-
ity as it inhibits the growth of both fungi and bacteria 
(Tables 7-9). 
Cadmium diethyldithiocarbamate 
The cadmium diethyldithiocarbamate under study is 
white powdered substance. It is soluble in 1 M HCl, 
1 M HNO3, I M H2SO4 and benzene; slightly soluble 
in 1 M NaOH and insoluble in distilled water, deep 
well water, 1 M K2Cr207 (oxidizing agent) and 1 M 
ascorbic acid, 1 M Na2S204 and 1 M hydroxyl amine 
(reducing agent). The results are recorded in Table 2. 
It melts at 280°C (Table 3). IR spectrum (Table 4) 
shows the peak (cm"') at 1502.64s, ]454.26w, 
1430.29s, 1377.28W, 1352.37w, 1297.91 w, 1271.61s, 
1206.89s, 1145.24m, 1096.62w, 1071.67m, 991.34s, 
910.34m. The X-ray diffraction data are reported in 
Table 5. DTA and TG curves show only one peak at 
361 °C and only one plateau corresponding to 81.84% 
conversion (241.48-349.72°C). The results are re-
corded in Table 6. It shows good fungicidal and bac-
tericidal activity as it inhibits the growth of both fungi 
and bacteria (Tables 7-9). 
Nickel diethyldithiocarbamate 
The nickel diethyldithiocarbamate under study is 
green powder. It is soluble in 1 M HCl, 1 M HNO3, 
1 M H2SO4 and benzene and insoluble in distilled wa-
ter, deep well water, 1 M NaOH, 1 M KjCrjOy (oxi-
dizing agent) and 1 M ascorbic acid, 1 M Na2S204 and 
1 M hydroxyl amine(reducing agent). The results are 
J. Therm. Anal. Cat, 94, 2008 11 
Table 1 Abbreviation used 
RATHORE ei al. 
Compound Colour Empirical formula Stoichiometric fonnula Abbreviation 
Copper diethyldithiocarbamate Dark brown C10H20N2S4 Cu >N-C—S Cu HSR, 
Lead diethyldithiocarbamate Off white CioH2oN2S4Pb 
CjH;^ 11 
CjH; ^ N — C-S Pb HSR. 
Cadmium diethyldithiocarbamate White C,oH2oN2S4 Cd >N—C—S Cd HSRj 
Nickel diethyldithiocarbamate Green C10H20N2S4 Ni > N - C - S CJAr Ni HSR, 
Zinc diethyldithiocarbamate White C10H20N2S4 Zn 
CiHs^ 11 . 
">N—C-S Zn HSR5 
Table 2 Solubility 
Solvent 
H2SO4 
HNO3 
HCl 
NaOH 
KsCrjO, 
Na2S204 
Ascorbic acid 
Hydroxylamine 
Distilled water 
Tap water 
Benzene 
of metal dithiocarbamates 
HSR, 
Soluble 
Soluble 
Soluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Soluble 
HSR2 
Soluble 
Soluble 
Soluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Soluble 
Compound 
HSR3 
Soluble 
Soluble 
Soluble 
Slightly Soluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Soluble 
HSR, 
Soluble 
Soluble 
Soluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Soluble 
HSRj 
Soluble 
Soluble 
Soluble 
Soluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Soluble 
Table 3 Melting point and analysis of metal 
dithiocarbamates 
Table 4 Selected Infrared frequencies of metal 
dithiocarbamates 
Compound 
HSR, 
HSR2 
HSRj 
HSR4 
HSR5 
Metal ion 
Cu(II) 
Pb(n) 
Cd(II) 
Niai) 
Zn(TI) 
Melting 
point/°C 
210 
224 
280 
259 
181 
Metal ion/% 
Experi-
mental 
16.0 
40.0 
22.0 
17.6 
16.0 
Calculated 
17.7 
41.15 
27.5 
16.5 
18.1 
Compound 
HSR, 
HSR2 
HSR3 
HSR4 
HSRJ 
Vc-S 
993.10m 
980.85m 
991.34m 
990.35W 
985.09m 
IR freqixencies/cm 
Vc-N 
1271.72s 
1265.85s 
1271.61s 
1273.33s 
1267.62s 
Vc-N 
1506.00s 
1483.07s 
1502.64s 
1517,11s 
1499.32s 
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Table 5 Powder X-ray data of metal dithiocarbamates 
HSR, 
rf-values 
aV 
A 
8.87417 
6.21947 
4.20927 
7.54482 
3.71644 
3.10290 
4.58892 
Relative 
intensify/ 
% 
100.00 
60.34 
56.89 
53.45 
43.10 
36.20 
34.50 
HSR, 
(/-values 
A 
9.23565 
4.58347 
7.38302 
3.78773 
3.42565 
4.27434 
3.17592 
Relative 
intensity/ 
% 
100.00 
45.70 
40.00 
35.40 
31.40 
30.90 
29.70 
HSRs 
rf-values 
A 
9.00871 
7.50056 
6.27025 
4.31021 
4.46810 
3.82056 
2.28056 
Relative 
intensity/ 
% 
100.00 
75.00 
56.30 
46.87 
37.50 
37.50 
15.60 
HSR, 
rf-values 
A 
8.17901 
4.14338 
5.13414 
3.20287 
5.43244 
4.44252 
6.15493 
Relative 
intensity/ 
% 
100.00 
41.40 
32.80 
27.60 
22.40 
22.40 
20.70 
HSRj 
(/-values 
aV 
A 
8.97330 
7.54648 
6.32067 
4.45697 
3.82459 
2.85437 
4.90894 
Relative 
intensity/ 
% 
100.00 
60.90 
58.69 
58.69 
58.69 
56.52 
54.35 
Table 6 Thermogravimetry of metal dithiocarbamates 
HSR, HSR2 HSR, HSR, HSR, 
Temperature 
range/ 
°C 
25.00 
133.24 
241.48 
349.72 
457.96 
566.20 
674.44 
782.69 
890.93 
999.17 
Conversion/ 
% 
0.00 
2.00 
2.94 
75.97 
77.96 
80.18 
79.96 
79.92 
80.22 
82.65 
Temperature 
range/ 
°C 
25.00 
133.24 
241.48 
349.72 
457.96 
566.20 
674.44 
782.69 
890.93 
999.17 
Conversion/ 
% 
0.00 
3.44 
3.03 
31.38 
55.81 
55.53 
53.98 
51.93 
52.25 
54.36 
Temperature 
range/ 
°C 
25.00 
133.24 
241.48 
349.72 
457.96 
566.20 
674.44 
782.69 
890.93 
999.17 
Conversion/ 
% 
0.00 
3.68 
2.75 
37.12 
84.59 
85.46 
85.93 
87.03 
87.53 
88.00 
Temperature 
range/ 
°C 
25.00 
133.24 
241.48 
349.72 
457.96 
566.20 
674.44 
782.69 
890.93 
999.17 
Conversion/ 
% 
0.00 
3.62 
3.24 
6.02 
78.94 
80.43 
81.57 
82.05 
82.44 
82.76 
Tempcramre 
range/ 
°C 
25.00 
133.24 
241.48 
349.72 
457.96 
566.20 
674.44 
782.69 
890.93 
999.17 
Conversion/ 
% 
0.00 
2.76 
2.37 
43.00 
61.85 
62.48 
62.41 
65.34 
66.04 
66.50 
Table 7 Fungicidal activity of metal dithiocarbamates by cup diffitsion method 
Compounds 
Aspergillus 
niger 
Rhizopus 
oryzae 
Chrysoporium 
tropicum 
Candida 
albicans 
HSR, 
HSR2 
HSR3 
HSR4 
HSRj 
Control 
50 Mg 
8 
6 
7 
6 
9 
100 ng 
12 
9 
11 
9 
12 
26 
50 ng 100 ng 
Saccharomyces 
cervisiae 
50 ng 
8 
6 
8 
6 
7 
100 ng 
11 
8 
12 
9 
11 
23 
50 Mg 
7 
8 
6 
7 
8 
100 ng 
9 
11 
9 
9 
11 
26 
50 ng 
7 
6 
7 
8 
6 
100 ng 
10 
9 
9 
11 
9 
27 29 
recorded in Table 2. It melts at 259°C (Table 3). IR 
spectrum shows the peak (cm"') at 1517.11s, 
1443.15m, 1349.60sh, 1273.33m, 1203.81w, 
1150.0Iw, 1077.54W, 990.35w, 910.23w. The X-ray 
diffraction data are reported in Table 5. DTA and TG 
grams show only one peak at 382°C and only one pla-
teau corresponding to 75.70% conversion 
(241.48-349.72''C). The results are recorded in Ta-
ble 6. It shows good fungicidal and bactericidal activ-
ity as it inhibits the growth of both fungi and bacteria 
(Tables 7-9). 
Zinc diethyldithiocarbamate 
The zinc diethyldithiocarbamate under study is white 
powder. It is soluble in 1 M HCl, 1 M HNO3, 
1 M H2SO4 and benzene, 1 M NaOH and insoluble in 
distilled water, deep well water, 1 M K2Cr207 (oxidiz-
J. Therm. Anal. Cai, 94, 2008 79 
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Table 8 Effect of dithiocarbamates fungicides on the spore 
germinafion ofBipolaris sorokinina 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide I 
Slide 2 
Slide 3 
Slide 4 
Slide 5 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slides 
Slide 1 
Slide 2 
Slide 3 
Slide 4 
Slides 
Rl 
58.8 
71.4 
90.0 
81.3 
76.7 
79.4 
72.7 
68.9 
66.7 
68.8 
84.6 
77.8 
56.7 
51.7 
76.5 
69.6 
66.7 
46.7 
45.9 
55.6 
64.5 
80.0 
66.7 
78.9 
77.2 
R2 Mean 
HSR, 
80.0 
67.9 
76.2 
72.4 
87.5 
69.4 
69.6 
83.1 
76.8 
82.1 
76.2 
HSR; 
62.5 
75.0 
75.9 
82.4 
6I.I 
70.9 
73.8 
72.4 
74.5 
64.9 
71.3 
HSR, 
85.4 
76.9 
78.6 
72.7 
67.6 
84.9 
77.4 
67.6 
62.2 
72.0 
72.8 
HSR4 
65.6 
52.9 
67.7 
38.5 
71.8 
67.6 
59.8 
57.2 
42.2 
63.7 
58.1 
HSR5 
73.3 
81.8 
74.4 
75.0 
71.4 
68.9 
80.9 
70.5 
76.9 
74.4 
SD 
(>A 
3.8 
8.8 
9.7 
4,9 
ing agent) and 1 M ascorbic acid, 1 M Na2S204 and 
1 M hydroxy! amine (reducing agent). The results are 
recorded in Table 2. It melts at 181°C (Table 3). IR 
spectrum shows the peak (cm"') at 1499.32s, 
1427.87m, 1347.62w, 1267.62s, 1199.46m, 
n42.37w, 1068.88W, 985.09s, 907.57w. The X-ray 
diffraction data is reported in Table 5. DTA and TG 
grams show only one peak at 345''C and only one pla-
teau corresponding to 59.48% conversion 
(241.48-349.72°C). The results are recorded in 
Table 6. It shows good flingicidal and bactericidal ac-
tivity as it inhibits the growth of both fungi and bacte-
ria (Tables 7-9). 
Conclusion 
When water soluble alkali salt, sodium diethyldithio-
carbamate, reacts with metal salts (Cu, Pb, Cd, Ni, 
Zn), the corresponding salts of dithiocarbamic acid is 
formed. These salts are practically soluble in acids 
and organic solvents while insoluble in water and 
aqueous solvents. This observation is in line with 
those reported [16]. 
C;Hj 
/ N - C - S ' Na +ZnS04 ' 
CiH5 
CjH, 
5 N - C - S Zn + NajSO, 
Relevant IR bands for the compounds under 
smdy are given in Table 4. The following regions of 
the spectra are particularly informative with respect to 
molecular structure of these compounds [22, 23]. 
Peak at 1250 cm"' is due to the absorption 
caused by C-N stretching vibrations. The thiureide 
band, which arises as a consequence of delocalization 
of the electron pair on nitrogen to the R2N-CS2 bond 
(polar canonical form) appears at 1500 cm"'. This 
bond increases the double bond character of the link-
age and displaces the band from 1250 to 1500 cm"'. 
This effect can be clearly noted by inspecting the val-
ues reported in Table 4 which ranges from 1517 to 
1483 cm"'. 
The position of antisymmetric C=S stretching vi-
bration of NCS2 group of carbodithioate ligands ap-
pear to be in region 1050 to 1200 cm"'. The electron 
donation from S atom to the metal causes a shift from 
its typical position of 1200 to 970 cm"'. This effect is 
also apparent from the results reported in Table 4. 
The ^/-values and relative intensity of X-ray dif-
fraction data of the compounds under study are re-
ported in Table 5. 
DTA data shows that the copper diethyldithio-
carbamate gives two peaks at 247 and 320°C. It is be-
cause, when copper dithiocarbamate heated in air, it 
gave cuprous sulphide around 245°C and latter it was 
partially oxidized to sulphate. 
Table 7 shows the fungicidal activity of the com-
pounds under study as they inhibit the fungal growth by 
forming an inhibition zone. Table 8 shows the effect of 
dithiocarbamates imder study on the spore germination 
of fimgi Bipolaris soraldnina. The results are quite satis-
factory since standard deviation in the data is not more 
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Table 9 Bactericidal activity of metal dithiocarbamates by broth dilution method 
Compounds 
Microorganisms 
Gram positive Gram negative 
Bacillus 
subtilis 
Bacillus 
sphaericus 
Staphylococcus 
aureus 
Pseudomonas 
aeruginosa E. coli 
Chromobacleri 
urn violaceum 
Minimum inhibitory concentration/|ig mL 
HSR, 
HSR2 
HSR3 
HSR, 
HSRj 
Control 
25.00 
25.00 
12.50 
6.25 
6.25 
0.00 
6.25 
12.50 
25.00 
12.50 
12.50 
0.00 
12.50 
25.00 
12.50 
25.00 
25.00 
0.00 
25.00 
25.00 
12.50 
25.00 
25.00 
0.00 
25.00 
25.00 
12.50 
6.25 
6.25 
0.00 
25.00 
25.00 
25.00 
12.50 
12.50 
0.00 
than 10 but out of these, nickel diethyldithiocarbamate 
seems to be promising. The results given in Table 9 
show the minimum inhibitory concentration of the com-
pounds using broth dilution method. 
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